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USE OF AMYLOID INHIBITORS FOR MODULATING NEURONAL CELL DEATH 



Field of the Invention 

This invention relates to methods for modulating neuronal cell death. 

5 

Background of the Invention 

Amyloid-P (AP) is a neurotoxic peptide which is implicated in the pathogenesis 
of Alzheimer's Disease. In fact, extracellular deposition of AP peptide in specific 
regions of the brain is one of the hallmarks of Alzheimer's Disease. Ap peptide is 
10 derived from a normal proteolytic cleavage of the precursor protein, the Amyloid-P 
precursor protein (pAPP). Once deposited into the brain, the AP peptide forms senile 
plaques which have been foimd in greater numbers in the brains of patients with 
Alzheimer's Disease. The AP peptide has also been shown to infiltrate cerebrovascular 
walls and cause angiopathy. A progressive neuronal cell loss accompanies the 
15 deposition of AP amyloid fibrils in senile plaques. The Ap peptide has been shown by 
several groups to be highly toxic to neurons. The amyloid plaques are directly 
associated with reactive gliosis, dystrophic neurites and apoptotic cells, suggesting that 
plaques induce neurodegenerative changes. In vitro, AP has been shown to be necrotic 
in rat PC- 12 cells while it induces apoptosis in primary hippocampal culture from fetal 
20 rat and in the predifferentiated human neurotype SH-SY5 Y cell line (Li et al. (1 996) 
Brain Research 738:196-204). 

Neurpdegeneration associated with AD has been linked to the presence of 
fibrillary Ap. Numerous reports have shown that Ap fibrils can induce 
neurodegeneration. It has been hypothesized that such an activity was due to the 
25 acquisition of the P-sheet structure of Ap. Non-fibrillar AP has also been shown to be 
cytotoxic to neurons. La Ferla et al. ((1997) J. Clin. Invest. 100(2):3 10-320) have 
recently shown that when neuronal cells are exposed in vitro to soluble Ap they can 
become apoptotic. Once internalized, the Ap peptide gets stabiUzed and induces DNA 
fragmentation, vMch is characteristic of apoptosis. 
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One major event in the formation of P-sheet fibrils is the binding of the Ap 
peptide to the sulfated proteoglycans present at the cell surface. Basement membrane 
glycosaminoglycans (GAGs) have been shown to interact with all types of amyloidotic 
proteins. It has been suggested that the interaction of GAGs wdth an Ap peptide induces 
5 conformational changes in favoring aggregation and formation of insoluble fibrils. 

Nerve growth factor (NGF) has also been shown to potentiate the neurotoxicity 
of AP on differentiated hippocampal neurons in culture (Yankner B.A. et al. (1990) 
Proc. Natl Acad, Set 87:9020-23). It has been suggested that p-amyloid deposits may 
cause induction of NGF receptor in neuronal cell types, typically unresponsive to NGF. 
10 The mechanisms and specific molecules involved in neuronal cell death, e.g., Ap 

peptide-induced neuronal cell death, still remain uncertain. As a result, to date, effective 
treatments for states associated with neuronal cell death, e.g., neurodegenerative 
disorders, have not been developed. Accordingly, methods for inhibiting neuronal cell 
death are still needed. 

15 

Summary of the Invention 

The present invention provides methods for inhibiting neuronal cell death, e.g., 
Ap-induced neuronal cell death and/or p75 receptor-mediated neuronal cell death. The 
present invention is based, at least in part, on the discovery that compoxmds which 
20 interfere with the association of the AP peptide, e.g., the association of the Ap peptide to 
the sulfate GAGs present at the cell surface, and prevent the triggering of neuronal cell 
apoptosis or necrosis. 

Accordingly, this invention pertains to a method of inhibiting Ap-induced 
neuronal cell death. The method includes contacting a neuronal cell with an Ap- 
25 interferer, such that neuronal cell death is inhibited. The Ap-interferer can interfere with 
the ability of the Ap peptide to form amyloid fibrilsand/or with the ability of the 
Ap peptide to bind to a cell surface molecule. The cell surface molecule can be, for 
example, a neurotrophic receptor, e.g., the apoptosis-related p75 receptor; a protein 
presented by plasma protein, e.g., RAGE; or a glycosaminoglycan. The Ap peptide can 
30 be either in soluble form or in a fibril form. 
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In one embodiment, the Ap-interferer is selected from the group consisting of 
ethanesulfonic acid, l^-ethanedisulfonic acid, 1-propanesulfonic acid, 1,3- 
propanedisulfonic acid, 1,4-butanedisulfonic acid, 1,5-pentanedisulfonic acid, 2- 
aminoethanesulfonic acid, 4-hydroxybutane-l -sulfonic acid, and pharaiaceutically 
5 acceptable salts thereof In other preferred embodiments, the Ap-interferer is selected 
from the group consisting of 1-butanesulfonic acid, 1-decanesulfonic acid, 2- 
propanesulfonic acid, 3-pentanesulfonic acid, 4-heptanesulfonic acid, and 
pharmaceutically acceptable salts thereof In yet further preferred embodiments, the 
Ap-interferer is l,7-dihydroxy-4-heptanesulfonic acid, 3-amino-l-propanesulfomc acid, 
10 or a pharmaceutically acceptable salt thereof In an other embodiment the AB is a 

peptide or a peptidomimetic which interact with specific regions of the AB peptide such 
as the regions responsible for cellular adherence (aa 10-16), GAG binding site region 
(13-1 6) or the region responsible for the B-sheet formation (16-21). These peptides are 
the d-stereoisomers of the AB or complementary image of the AB peptide. 
15 Another aspect of the invention pertains to a method of providing 

neuroprotection to a subject, comprising administering an Ap-interferer to the subject, 
such that neuroprotection is provided. 

In one embodiment, the AP-interferer interferes with the ability of the 
Ap peptide to bind to a cell surface molecule, e.g., a neurotrophic receptor such as the 
20 apoptosis-related p75 receptor; a protein presented by plasma protein, e.g., RAGE; or a 
glycosaminoglycan. The AP peptide can be either in soluble form or in a fibril form. 

In one embodiment, the AP-interferer is selected from the group consisting of 
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 1-propanesulfonic acid, 1,3- 
propanedisulfonic acid, 1,4-butanedisulfonic acid, 1,5-pentanedisulfonic acid, 2- 
25 aminoethanesulfonic acid, 4-hydroxybutane-l -sulfonic acid, and pharmaceutically 
acceptable salts thereof In other preferred embodiments, the Ap-interferer is selected 
from the group consisting of 1-butanesulfonic acid, 1-decanesulfonic acid, 2- 
propanesulfonic acid, 3-pentanesulfonic acid, 4-heptanesulfonic acid, and 
pharmaceutically acceptable salts thereof In yet further preferred embodiments, the 
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AP-interferer is 1 ,7-dihydroxy-4-heptanesulfomc acid, 3-amino-l-propanesulfonic acid, 
or a pharmaceutically acceptable salt thereof. 

In one embodiment, the A^-interferer is administered in a pharmaceutically 
acceptable formulation. The pharmaceutically acceptable formulation can be a 
5 dispersion system, for example a lipid-based formulation, a liposome formulation, or a 
multivesicular liposome formulation. The pharmaceutically acceptable formulation can 
also comprise a polymeric matrix, selected, for example, from synthetic polymers such 
as polyesters (PLA, PLGA), polyethylene glycol, poloxomers, polyanhydrides, and 
pluronics or selected from naturally derived polymers, such as albumin, alginate, 
10 cellulose derivatives, collagen, fibrin, gelatin, and polysaccharides. In other preferred 
embodiments, the pharmaceutically acceptable formulation provides sustained delivery 
of the Ap-interferer to a subject. 

Yet another aspect of the invention pertains to a method of treating a disease 
state characterized by A(5-induced neuronal cell death in a subject. The method includes 
15 administering an Ap-interferer to the subject, such that the disease state characterized by 
AP-induced neuronal cell death is treated. 

Another aspect of the invention pertains to a method of inhibiting p75 receptor 
mediated neuronal cell death. The method includes contacting a neuronal cell with a 
therapeutic compound having the structure: 

20 Q— [— Y-X-^ln 

wherein Y" is an anionic group at physiological pH; Q is a carrier group; X"*" is a cationic 
group; and n is an integer selected such that the biodistribution of the therapeutic 
compoimd for an intended target site is not prevented while maintaining activity of the 
therapeutic compound, provided that the therapeutic compound is not chondroitin sulfate 

25 A, such that neuronal cell death is inhibited. 

A further aspect of the invention pertains to a method of providing 
neuroprotection to a subject. The method includes administering to the subject a 
therapeutic compound having the structure: 

Q— £— Y-X+ln 
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wherein Y" is an anionic group at physiological pH; Q is a carrier group; X"^ is a cationic 
group; and n is an integer selected such that the biodistribution of the therapeutic 
compound for an intended target site is not prevented while maintaining activity of the 
therapeutic compound, provided that the therapeutic compound is not chondroitin sulfate 
5 A, such that neuroprotection is provided. 

In another aspect, the invention features a method of treating a disease state in a 
subject characterized by p75 receptor mediated neuronal cell death. The method 
includes administering to the subject a therapeutic compound having the structure: 

Q— [— Y-X+]n 

10 wherein Y" is an anionic group at physiological pH; Q is a carrier group; X"^ is a cationic 
group; and n is an integer selected such that the biodistribution of the therapeutic 
compound for an intended target site is not prevented while maintaining activity of the 
therapeutic compound, provided that the therapeutic compoxmd is not chondroitin sulfate 
A, such that the disease state characterized by p75 receptor mediated neuronal cell death 

15 is treated. 

In yet another aspect, the invention features a method of inhibiting p75 receptor- 
mediated neuronal cell death. The method includes contacting a neuronal cell with a p75 
receptor-interferer having the structure: 

X 

/P— (CYlY2)nC(X)XR3 
RlX^ I 
Z 

20 in which Z is XR^ or R^; R^ and R^ are each independently hydrogen, a substituted or 
unsubstituted aliphatic group,*an aryl group, a heterocyclic group, or a salt-forming 
cation; R^ is hydrogen, lower alkyl, aryl, or a salt-forming cation; R^ is hydrogen, lower 
alkyl, aryl or amino; X is, independently for each occurrence, O or S; Yi and Y^ are 
each independently hydrogen, halogen, alkyl, amino, hydroxy, alkoxy, or aryloxy; and n 

25 is an integer from 0 to 12, such that neuronal cell death is inhibited. 

In a further aspect, the invention features a method of providing neuroprotection 
to a subject. The method includes administering to the subject a p75 receptor-interferer 
having the structure: 
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X 

/P— (CYlY2)nC(X)XR3 
RlX-^l 
Z 

in which Z is XR2 or R^; and R^ are each independently hydrogen, a substituted or 

xmsubstituted aliphatic group, an aryl group, a heterocyclic group, or a salt-forming 

cation; R^ is hydrogen, lower alkyl, aryl, or a salt-forming cation; R"* is hydrogen, lower 
5 alkyl, aryl or amino; X is, independently for each occurrence, O or S; and are 

each independently hydrogen, halogen, alkyl, amino, hydroxy, alkoxy, or aryloxy; and n 

is an integer from 0 to 12, such that neuroprotection is provided. 

In another another aspect, the invention features a method of treating a disease 

state in a subject characterized by p75 receptor-mediated neuronal cell death. The 
10 method includes administering to the subject a p75 receptor-interferer having the 

structure: 

X 

Jp — (CYlY2)nC(X)XR3 
RIX^I 
Z 

in which Z is XR2 or R"*; R^ and R^ are each independently hydrogen, a substituted or 
unsubstituted aliphatic group, an aryl group, a heterocyclic group, or a salt-forming 

15 cation; R^ is hydrogen, lower alkyl, aryl, or a salt-forming cation; R"* is hydrogen, lower 
alkyl, aryl or amino; X is, independently for each occurrence, O or S; Y^ and Y^ are 
each independently hydrogen, halogen, alkyl, amino, hydroxy, alkoxy, or aryloxy; and n 
is an integer from 0 to 12, such that said disease state characterized by p75 receptor 
mediated neuronal cell death is treated. 

20 Other features and advantages of the invention will be apparent from the 

following detailed description, and fix)m the claims. 



25 



Brief Description of the Drawings 

Figure 1 is a depiction of a bar graph showing the toxicity of AP(l-40) 
administered at a ratio of 1 :1 with various A^-interferers, on PC- 12 cells. 
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Figure 2 is a depiction of a bar graph showing the toxicity of Ap(l-40) 
administered at a ratio of 1:2 with various Ap-interferers, on PC- 12 cells. 



Figure 3 is a depiction of a bar graph showing the % cell survival of 
5 differentiated PC- 12 cells treated with AP(l-40) and various A^-interferers at a 1 :2 and 
1:1 ratio. 



Figure 4 is a depiction of a bar graph showing the results from an Ap(l-40) 
mediated neurotoxicity assay on differentiated PC- 12 cells. 

10 

Figure 5 is a graph illustrating the ability of AB to induce neuronal cell death 
using the SH-5454 neuroblastoma human cell line. Toxicity was measured using 2 
different assays : WST-1 assay and 3H-thiperidine uptake. 

15 Figure 6 illustrates the ability of a compound of the present invention, NC-21 25 ' 

to significantly reduce the A6-induced toxicity when incubated at an AB : nc-2125 molar 
ratio of 1 : 4, laminin, used at an AB : laminin molar ratio of 1 :10"Ms an internal positive 
control (neuroprotective). 

20 Detailed Description of the Invention 

The present invention is based, at least in part, on the discovery that compoimds 
which interfere with the AP peptide, e.g., the association of the Ap peptide, to sites 
present at the cell surface or to sulfate GAGs, and prevent the triggering of neuronal cell 
apoptosis or necrosis. 

25 This invention pertains to a method of inhibiting AP-induced neuronal cell death. 

The method includes contacting a neuronal cell with an AP-interferer, such that neuronal 

cell death is inhibited. 

As used herein, the language "contacting" is intended to include both in vivo or in 

vitro methods of bringing an Ap-interferer or a p75 receptor-interferer into proximity 
30 with a neuronal cell, such that the Ap-interferer or a p75 receptor-interferer can 



RNSDnCID:<WO 9959571 A 1 I > 
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modulate, e.g., inhibit, the death, e.g., apoptosis, of the neuronal cell. For example, the 
neuronal cell can be contacted with an AP-interferer in vivo by administering the Ap- 
interferer to a subject either parenterally, e.g., intravenously, intradermally, 
subcutaneously, orally (e.g., via inhalation), transdermally (topically), transmucosally, or 
5 rectally. A neuronal cell can also be conducted in vitro by, for example, adding an Ap- 
interferer or a p75 receptor-interferer into a tissue culture dish in which neuronal cells 
are grown. 

The invention further pertains to a method of providing neuroprotection to a 
subject, comprising administering an Ap-interferer to the subject, such that 
10 neuroprotection is provided. 

As used herein, the term "subject" is intended to include animals susceptible to 
states characterized by neuronal cell death, preferably mammals, most preferably 
humans. In a preferred embodiment, the subject is a primate. In an even more preferred 
embodiment, the primate is a human. Other examples of subjects include experimental 
15 animals such as mice, rats, dogs, cats, goats, sheep, pigs, and cows. The experimental 
animal can be an animal model for a disorder, e.g., a transgenic mouse with an 
Alzheimer's-type neuropathology. A subject can be a human suffering from a 
neiirodegenerative disease, such as Alzheimer's disease, or Parkinson's disease. 

As used herein, the term "neuroprotection" is intended to include protection of 
20 neuronal cells of a subject from cell death, e.g., cell death mduced by an AP peptide 
and/or mediated by an apoptosis related p75 receptor. Neuroprotection includes, for 
example, inhibition of processes such as the destabilization of the cytoskeleton; the 
activation of hydrolytic enzymes, such as phospholipase A2, calcium-activated 
proteases, and calcium-activated endonucleases; the disruption of cell jimctions leading 
25 to decreased or absent cell-cell conmnmication; and the activation of expression of genes 
involved in cell death, e.g., unmediate-early genes. 



30 



AP-Interferers and p75 Receptor-Interferers 

In one embodiment, the method of the invention includes contacting a neuronal 
cell in vitro or administering to a subject in vivo, an effective amount of an Ap-interferer 
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or a p75 receptor-interferer, which has at least one anionic group covalently attached to a 
carrier molecule. As used herein, an "AP-interferer" refers to a compound which can 
interfere with the ability of an Ap-peptide to either form Ap-fibrils or interact with a cell 
surface molecule such as a proteoglycan constituent of a basement membrane, e.g. a 

5 glycosaminoglycan, a cell surface receptor, e.g., a neurotrophic receptor such as the 
apoptosis related p75 receptor; or a protein presented by plasma protein, e.g., RAGE. 
An Ap-interferer can interfere with the ability of both fibrillar or non-fibrillar Ap to 
interact with a cell surface molecule, e.g., the apoptosis related p75 receptor or RAGE. 
As used herein, a "p75 receptor-interferer" refers to a compound which can interfere 

10 with the abiUty of the apoptosis related p75 receptor to mediate cell death in a neuronal 
cell. The p75 receptor-interferer can block a ligand binding site on the p75 receptor, it 
can compete with the natural ligand for binding to the p75 receptor, or it can block the 
p75 receptor binding site on the natural ligand, thus preventing the ligand-receptor 
interaction. It should be understood that the description set forth below regarding 

15 particular compounds, and formulae is applicable to both examples of AP-interferers and 
P75 receptor-interferers. 

The AP-interferer or p75 receptor-interferer can have the structure: 

Q-[— Y-X+]n 

20 

wherein Y* is an anionic group at physiological pH; Q is a carrier group; X"^ is a cationic 
group; and n is an integer. The number of anionic groups ("n") is selected such that the 
biodistribution of the Ap-interferer or p75 receptor-interferer for an intended target site 
is not prevented while maintaining activity of the Ap-interferer or p75 receptor- 

25 interferer. For example, the number of anionic groups is not so great as to prevent 
traversal of an anatomical barrier, such as a cell membrane, or entry across a 
physiological barrier, such as the blood-brain barrier, in situations where such properties 
are desired. In one embodiment, n is an integer between 1 and 10. In another 
embodiment, n is an integer between 3 and 8. These compounds are described in U.S. 

30 Patent No. 5,643,562, the contents of which are incorporated herein by reference. 
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An anionic group of an Ap-interferer of the invention is a negatively charged 
moiety that, when attached to a carrier group, can inhibit an A^-peptide from either 
forming Ap-fibrils or interacting with a cell surface molecule such as a proteoglycan 
constituent of a basement membrane, e.g. a glycosaminoglycan, a cell surface receptor, 
5 e.g., a neurotrophic receptor such as the apoptosis related p75 receptor, or a protein 
presented by plasma protein, e.g., RAGE, thus preventing neuronal cell death. 

An anionic group of a p75 receptor-interferer of the invention is a negatively 
charged moiety that, when attached to a carrier group, can inhibit the apoptosis related 
p75 receptor from mediating cell death in a neuronal cell. 
10 For purposes of this invention, the anionic group is negatively charged at 

physiological pH. Preferably, the anionic Ap-interferer mimics the structure of a 
sulfated proteoglycan, i.e., is a sulfated compound or a functional equivalent thereof 
"Functional equivalents" of sulfates are intended to include compounds such as 
sulfamates as well as bioisosteres. Bioisosteres encompass both classical bioisosteric 
15 equivalents and non-classical bioisosteric equivalents. Classical and non-classical 

bioisosteres of sulfate groups are known in the art (see e.g. Silverman, R.B. The Organic 
Chemistry of Drug Design and Drug Action, Academic Press, Inc.rSan Diego, CA, 1992, 
pp. 19-23). Accordingly, an AP-interferer of the invention can comprise at least one 
anionic group including sulfonates, sulfates, sulfamates, phosphonates, phosphates, 
20 carboxylates, and heterocyclic groups of the following fomiulas: 



O 




25 



Depending on the carrier group, more than one anionic group can be attached thereto. 
When more than one anionic group is attached to a carrier group, the multiple anionic 
groups can be the same structural group (e.g., all sulfonates) or, alternatively, a 
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combination of different anionic groups can be used (e.g., sulfonates, phosphonates, and 
sulfates, etc.)- 

The ability of an Ap-interferer of the invention to inhibit an interaction between 
an Ap peptide and a glycoprotein or proteoglycan constituent of a basement membrane 
5 can be assessed by an in vitro binding assay, such as the one described in Leveugle B. et 
al. (1998) J, ofNeurochem, 70(2):736-744. Briefly, a constituent of the basement 
membrane, preferably a glycosaminoglycan (GAG) can be radiolabeled, e.g., at a 
specific activity of 10,000 cpm, and then incubated with Ap peptide-Sepharose beads at, 
for example, a ratio of 5:1 (v/v) in the presence or absence of the Ap-interferer. The Ap 
10 peptide-Sepharose beads and the radiolabeled GAG can be incubated for approximately 
30 minutes at room temperature and then the beads can be successively washed with a 
Tris buffer solution containing NaCl (0.55 M and 2 M). The binding of the basement 
membrane constituent (e.g., GAG) to the Ap-peptide can then be measured by 
collecting the fractions from the washings and subjecting them to scintillation counting. 
15 An Ap-interferer which inhibits an interaction between an Ap peptide and a glycoprotein 
or proteoglycan constituent of a basement membrane, e.g., GAG, will increase the 
amount of radioactivity detected in the washings. 

Preferably, an Ap-interferer of the invention interacts with a binding site for a 
basement membrane glycoprotein or proteoglycan in an Ap peptide and thereby inhibits 
20 the binding of the Ap peptide to the basement membrane constituent, e.g., GAG. 

Basement membrane glycoproteins and proteoglycans include GAG, laminin, collagen 
type IV, fibronectin, and heparan sulfate proteoglycan (HSPG). In a preferred 
embodiment, the therapeutic compound inhibits an interaction between an Ap peptide 
and GAG. Consensus binding site motifs for GAG in amyloidogenic proteins have been 
25 described (see, for example, Hileman R. E. et al. (1 998) BioEssays 20: 1 56-1 67). For 
example, a GAG consensus binding motif can be of the general formula X-B-B-X-B-X 
or X-B-B-B-X-X-B-X, wherein B are basic amino acids (e.g., lysine or arginine) and X 
are hydropathic amino acids. A GAG consensus binding motif can further be of the 
general formula T-X-X-B-X-X-T-B-X-X-X-T-B-B, wherein T defmes a turn of a basic 
30 amino acid, Bs are basic amino acids (e.g., lysine, arginine, or occasionally glutamine) 
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and X are hydropathic amino acids. The distance between the first and the second turn 
can range from approximately 12 A to 1 7A. The distance between the second and the 
third turn can be approximately 14 A. The distance between the first and the third turn 
can range from approximately 13 A to 18A. More recently the GAG binding site 
5 domain of AB (i.e. the 13-16 resion: HHQK) has been shown to be responsible for the 
adherence of AB to microglia cell surface leading to its activation (D. GuiUan, JBC 
1998). These results support the "notion" that interference in the AB adherence by 
blocking its specific GAG binding site will abrogate AB neuronal cell death. 

Accordingly, in the Ap-interferers of the invention, when multiple anionic 
10 groups are attached to a carrier group, the relative spacing of the anionic groups can be 
chosen such that the anionic groups (e.g., sulfonates or phosphonates) optimally mteract 
with the basic residues withm the GAG binding site (thereby inhibiting interaction of 
GAG with the site). For example, anionic groups can be spaced approximately 15 ± 1.5 
A, 14 ± 1.5 A and/or 16 ± 1.5 A apart, or appropriate multiples thereof, such that the 
15 relative spacing of the anionic groups allows for optimal interaction with a binding site 
for a basement membrane constituent (e.g., GAG) in an A|5 peptide. 

Preferably, a p75 receptor-mterferer of the invention can block a ligand binding 
site on the p75 receptor, it can compete with the natural ligand for binding to the p75 
receptor, or it can block the p75 receptor binding site on the natural ligand. 
20 An AP-interferer or p75 receptor-interferer of the invention typically fiirther 

comprises a counter cation (i.e., X+ in the general formula: Q— [— Y-X+]n)- Cationic 
groups include positively charged atoms and moieties. If the cationic group is hydrogen, 
H+, then the compound is considered an acid, e.g., ethanesulfonic acid. If hydrogen is 
replaced by a metal or its equivalent, the compound is a salt of the acid. 
25 Pharmaceutically acceptable salts of the AP-interferer or p75 receptor-interferer are 
within the scope of the invention. For example, X+ can be a pharmaceutically 
acceptable alkali metal, alkaline earth, higher valency cation, polycationic counter ion or 
ammonium. A preferred pharmaceutically acceptable salt is a sodium salt but other salts 
are also contemplated within their pharmaceutically acceptable range. 
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Within the Ap-interferer or p75 receptor-interferer, the anionic group(s) is 
covalently attached to a carrier group. Suitable carrier groups include aliphatic groups, 
alicyclic groups, heterocyclic groups, aromatic groups, and groups derived from 
carbohydrates, polymers, peptides, peptide derivatives, or combinations thereof. A 
5 carrier group can be substituted, e.g. with one or more amino, nitro, halogen, thiol or 
hydroxyl groups. 

As used herein, the term "carbohydrate" is intended to include substituted and 
unsubstituted mono-, oligo-, and polysaccharides. Monosaccharides are simple sugars 
usually of the formula C6H12O6 *at can be combined to form oligosaccharides or 
10 polysaccharides. Monosaccharides include enantiomers and both the D and L 

stereoisomers of monosaccharides. Carbohydrates can have multiple anionic groups 
attached to each monosaccharide moiety. For example, in sucrose octasulfate, four 
sulfate groups are attached to each of the two monosaccharide moieties. 

As used herein, the term "polymer" is intended to include molecules formed by 
15 the chemical union of two or more combining subimits called monomers. Monomers are 
molecules or compounds which usually contain carbon and are of relatively low 
molecular weight and simple stmcture. A monomer can be converted to a polymer by 
combination with itself or other similar molecules or compounds. A polymer may be 
composed of a single identical repeating subunit or multiple different repeating subunits 
20 (copolymers). Polymers within the scope of this invention include substituted and 

unsubstituted vinyl, acryl, styrene and carbohydrate-derived polymers and copolymers 
and salts thereof. In one embodiment, the polymer has a molecular weight of 
approximately 800-1000 Daltons. Examples of polymers with suitable covalently 
attached anionic groups (e.g., sulfonates or sulfates) include poly(2-acrylamido-2- 
25 methyl-l-propanesulfonic acid); poly(2-acrylamido-2-methyM-propanesulfonic acid-co- 
acrylonitrile); poly(2-acrylamido-2-methyl-l -propanesulfonic acid-co-styrene); 
poly(vinylsulfonic acid); poly(sodium 4-styrenesulfonic acid); and sulfates and/or 
sulfonates derived from: poly(acrylic acid); poly(methyl acrylate); poly(methyl 
methacrylate); and poly(vinyl alcohol); and pharmaceutically acceptable salts thereof. 
30 Examples of polymers with suitable covalently attached anionic groups include those of 
tiie fonnula: 



wo 99/59571 



-14- 



PCT/IB99/00968 



CH2R CH2R CH2R CH2R 

RCH2 1— O O [— O CH2R 

CH2R 

wherein R is SO3H or OSO3H; and pharmaceutically acceptable salts thereof. 

5 Peptides and peptide derivatives can also act as carriers. The term "peptide" 

includes tv^o or more amino acids covalently attached through a peptide bond. Amino 
acids which can be used in peptide carrier include those naturally occurring amino acids 
found in proteins such as glycine, alanine, valine, cysteine, leucine, isoleucine, serine, 
threonine, methionine, glutanuc acid, aspartic acid, glutamine, asparagine, lysine, 

10 arginine, proline, histidine, phenylalanine, tyrosine, and tryptophan. The term amino 
acid further includes analogs, derivatives and congeners of naturally occurring amino 
acids, one or more of which can be present in a peptide derivative. For example, amino 
acid analogs can have lengthened or shortened side chains or variant side chains with 
appropriate functional groups. Also included are the D and L stereoisomers of an amino 

15 acid when the structure of the amino acid admits of stereoisomeric forms. The term 

"peptide derivative" further includes compounds which contain molecules which mimic 
a peptide backbone but are not amino acids (so-called peptidomimetics), such as 
benzodiazepine molecules (see e.g. James, G. L. et al. (1993) Science 260:1937-1942). 
The anionic groups can be attached to a peptide or peptide derivative through a 

20 functional group on the side chain of certain amino acids or other suitable functional 
group. For example, a sulfate group can be attached through the hydroxyl side chain of 
a serine residue. A peptide can be designed to interact with a binding site for a basement 
membrane constituent (e.g., a GAG) in an Ap-peptide (as described above). 
Accordingly, in one embodiment, the peptide comprises four amino acids and anionic 

25 groups (e.g., sulfonates) are attached to the first, second and fourth amino acid. For 
example, the peptide can be Ser-Ser-Y-Ser, wherein an anionic group is attached to the 
side chain of each serine residue and Y is any amino acid. In addition to peptides and 
peptide derivatives, single amino acids can be used as carriers in the Aji-interferer or p75 



wo 99/59571 PCT/IB99/00968 

- 15- 

receptor-interferer of the invention. For example, cysteic acid, the sulfonate derivative 
of cysteine, can be used. 

The term "aliphatic group" is intended to include organic compounds 
characterized by straight or branched chains, typically having between 1 and 22 carbon 
5 atoms. Aliphatic groups include alkyl groups, alkenyl groups and alkynyl groups. In 
complex structures, the chains can be branched or cross-linked. Alkyl groups include 
saturated hydrocarbons having one or more carbon atoms, including straight-chain alkyl 
groups and branched-chain alkyl groups. Such hydrocarbon moieties may be substituted 
on one or more carbons with, for example, a halogen, a hydroxy 1, a thiol, an amino, an 
10 alkoxy, an alkylcarboxy, an alkylthio, or a nitro group. Unless the number of carbons is 
otherwise specified, "lower aliphatic" as used herein means an aliphatic group, as 
defined above (e.g., lower alkyl, lower alkenyl, lower alkynyl), but having fi-om one to 
six carbon atoms. Representatives of such lower aliphatic groups, e.g., lower alkyl 
groups, are methyl, ethyl, n-propyl, isopropyl, 2-chloropropyl, n-butyl, sec-butyl, 2- 
15 aminobutyl, isobutyl, tert-butyl, 3-thiopentyl, and the like. As used herein, the term 

"amino" means -NH2; the term "nitro" means -NO2; the term "halogen" designates -F, - 
CI, -Br or -I; the term "thiol" means SH; and the term "hydroxyl" means -OH. Thus, the 
term "alkylamino" as used herein means -NHR in which R is an alkyl group as defined 
above. The term "alkylthio" refers to -SR, in which R is an alkyl group as defined 
20 above. The term "alkylcarboxyl" as used herein means -COOR, in which R is an alkyl 
group as defined above. The term "alkoxy" as used herein means -OR, in which R is an 
alkyl group as defined above. Representative alkoxy groups include methoxy, ethoxy, 
propoxy, tert-butoxy and the like. The terms "alkenyl" and "alkynyl" refer to 
unsaturated aliphatic groups analogous to alkyls, but which contain at least one double 
25 or triple bond respectively. 

The term "alicyclic group" is intended to include closed ring structures of three 
or more carbon atoms. Alicyclic groups include cycloparaffins or naphthenes which are 
saturated cyclic hydrocarbons, cycloolefins which are unsaturated with two or more 
double bonds, and cycloacetylenes which have a triple bond. They do not include 
30 aromatic grovq)s. Examples of cycloparafiFms include cyclopropane, cyclohexane, and 
cyclopentane. Examples of cycloolefins include cyclopentadiene and cyclooctatetraene. 
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Alicyclic groups also include fused ring structures and substituted alicyclic groups such 
as alkyl substituted alicyclic groups. In the instance of the alicyclics such substituents 
can further comprise a lower alkyl, a lower alkenyl, a lower alkoxy, a lower alkylthio, a 
lower alkylamino, a lower alkylcarboxyl, a nitro, a hydroxy 1, -CF3, -CN, or the like, 

5 The term "heterocyclic group" is intended to include closed ring structures in 

which one or more of the atoms in the ring is an element other than carbon, for example, 
nitrogen, or oxygen. Heterocyclic groups can be saturated or unsaturated and 
heterocyclic groups such as pyrrole and fiiran can have aromatic character. They include 
fused ring structures such as quinoline and isoquinoline. Other examples of heterocyclic 

10 groups include pyridine and purine. Heterocyclic groups can also be substituted at one 
or more constituent atoms with, for example, a halogen, a lower alkyl, a lower alkenyl, a 
lower alkoxy, a lower alkylthio, a lower alkylamino, a lower alkylcarboxyl, a nitro, a 
hydroxyl, -CF3, -CN, or the like. 

The term "aromatic group" is intended to include imsaturated cyclic 

IS hydrocarbons containing one or more rings. Aromatic groups include 5- and 6- 

membered single-ring groups which may include from zero to four heteroatoms, for 
example, benzene, pyrrole, fiiran, thiophene, imidazole, oxazole, thiazole, triazole, 
pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. The aromatic ring 
may be substituted at one or more ring positions with, for example, a halogen, a lower 

20 alkyl, a lower alkenyl, a lower alkoxy, a lower alkylthio, a lower alkylamino, a lower 
alkylcarboxyl, a nitro, a hydroxyl, -CF3, -CN, or the like. 

In a preferred embodiment of the method of the invention, the Ap-interferer 
administered to the subject is comprised of at least one sulfonate group covalently 
attached to a carrier group, or a pharmaceutically acceptable salt thereof. Accordingly, 

25 the an AP-interferer or a p75 receptor-interferer can have the structure: 

Q— [— S03-X+]n 



30 



wherein Q is a carrier group; X*^ is a cationic group; and n is an integer. Suitable carrier 
groups and cationic groups are those described hereinbefore. The number of sulfonate 
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groups ("n") is selected such that the biodistribution of the compound for an intended 
target site is not prevented while maintaining activity of the compound as discussed 
earlier. In one embodiment, n is an integer between 1 and 10. In another embodiment, n 
is an integer between 3 and 8. As described earlier, an AP-interferer or a p75 receptor- 
5 interferer with multiple sulfonate groups can have the sulfonate groups spaced such that 
the compound interacts optimally with an HSPG binding site within the AP peptide. 

In preferred embodiments, the carrier group for a sulfonate(s) is a lower aliphatic 
group (e.g., a lower alkyl, lower alkenyl or lower alkynyl), a heterocyclic group, and 
group derived from a disaccharide, a polymer or a peptide or peptide derivative. 
10 Furthermore, the carrier can be substituted, e.g. with one or more amino, nitro, halogeno, 
sulfhydryl or hydroxyl groups. In certain embodiments, the carrier for a sulfonate(s) is 
an aromatic group. 

Examples of suitable sulfonated polymeric Ap-interferers include poly(2- 
acrylamido-2-methyl- 1 -propanesulfonic acid); poly(2-acrylamido-2-methyI-l - 
15 propanesulfonic acid-co-acrylonitrile); poly(2-acrylamido-2-methyl-l -propanesulfonic 
acid-co-styrene); poly(vinylsulfonic acid); poly(sodium 4-styrenesulfonic acid); a 
sulfonic acid derivative of poly(acrylic acid); a sulfonic acid derivative of poly(methyl 
acrylate); a sulfonic acid derivative of poly(methyl methacrylate); and a sulfonate 
derivative of poly(vinyl alcohol); and pharmaceutically acceptable salts thereof 
20 A preferred sulfonated polymer is poly(vinylsulfonic acid) (PVS) or a 

phaimaceuticaUy acceptable salt thereof, preferably the sodium salt thereof. In one 
embodiment, PVS having a molecular weight of about 800-1000 Daltons is used. PVS 
may be used as a mixture of stereoisomers or as a single active isomer. 

Preferred sulfonated saccharides include 5-deoxy-l,2-0-isopropylidene-a-D- 
25 xylofuranose-5-sulfonic acid (XXIII, shown as the sodium salt). 

Preferred lower aliphatic sulfonated Ap-interferers for use in the invention 
include ethanesulfonic acid; 2-aminoethanesulfonic acid (taurine); cysteic acid (3- 
sulfoalanine or a-amino-p-sulfopropionic acid); 1 -propanesulfonic acid; 1,2- 
ethanedisulfonic acid; 1,3-propanedisulfonic acid; 1,4-butanedisulfonic acid; 1,5- 
30 pentanedisulfonic acid; and 4-hydroxybutane-l -sulfonic acid (VIII, shown as the sodium 



wo 99/59571 



PCT/IB99/00968 



- 18- 

salt); and pharmaceutically acceptable salts thereof. Other aliphatic sulfonated Ap- 
interferers contemplated for use in the invention include 1-butanesulfonic acid (XL VII, 
shown as the sodium salt), 2-propanesulfonic acid (XLIX, shown as the sodium salt), 3- 
pentanesulfonic acid (L, shown as the sodium salt), 4-heptanesulfonic acid (LII, shown 

5 as the sodium salt), 1-decanesulfonic acid (XLVIII, shown as the sodivim sah); and 
pharmaceutically acceptable salts thereof. Sulfonated substituted aliphatic Ap- 
interferers contemplated for use in the invention include 3-amino-l-propanesulfonic acid 
(XXII, shown as the sodium salt), 3 -hydroxy- l-propanesulfonic acid sulfate (XXXV, 
shown as the disodium salt), l,7-dihydroxy-4-heptanesulfonic acid (LIII, shown as the 

10 sodium salt); and pharmaceutically acceptable salts thereof. Yet other sulfonated 
compoimds contemplated for use in the invention include 2-[(4- 
pyridinyl)amido]ethanesulfonic acid (LIV, depicted as the sodium salt), and 
pharmaceutically acceptable salts thereof. 

Preferred heterocyclic sulfonated Ap-interferers include 3-(N-morpholino)-l- 

15 propanesulfonic acid; and tetrahydrothiophene-l,l-dioxide-3,4-disulfonic acid; and 
pharmaceutically acceptable salts thereof. 

Aromatic sulfonated Ap-interferers include 1,3-benzenedisulfonic acid (XXXVI, 
shown as the disodium salt), 2,5-dimethoxy-l,4-benzenedisulfonic acid (depicted as the 
disodiimi salt, XXXVII, or the dipotassium salt, XXXIX), 4-amino-3-hydroxy-l- 

20 naphthalenesulfonic acid (XLIII), 3,4-diamino-l-naphthalenesulfonic acid (XLIV); and 
pharmaceutically acceptable salts thereof. 

In another embodiment of the method of the invention, the Ap-interferer 
administered to the subject is comprised of at least one sulfate group covalently attached 
to a carrier group, or a pharmaceutically acceptable salt thereof. Accordingly, the Ap- 

25 interferer or the p75 receptor-interferer can have the structure: 

Q— [— 0S03-X+]n 



30 



wherein Q is a carrier group; X"^ is a cationic group; and n is an integer. Suitable 
carriers aixd cationic groups are those described hereinbefore. The number of sulfate 
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groups ("n") is selected such that the biodistribution of the compound for an intended 
target site is not prevented while maintaining activity of the A^-interferer as discussed 
earlier. In one embodiment, n is an integer between 1 and 1 0. In another embodiment, n 
is an integer between 3 and 8. As described earlier, an Ap-interferer with multiple 

5 sulfate groups can have the sulfate groups spaced such that the compound interacts 
optimally with a GAG binding site within an Ap peptide. 

In preferred embodiments, the carrier group for a sulfate(s) is a lower aliphatic 
group (e.g., a lower aikyl, lower alkenyl or lower alkynyl), an aromatic group, a group 
derived from a disaccharide, a polymer or a peptide or peptide derivative. Furthermore, 

10 the carrier can be substituted, e.g. with one or more amino, nitro, halogeno, sulflhydryl or 
hydroxyl groups. 

Examples of suitable sulfated polymeric AP-interferers or p75 receptor- 
interferers include poly(2-acrylamido-2-methyl-propyl sulfuric acid); poly(2- 
acrylamido-2-methyl-propyl sulfuric acid-co-acrylonitrile); poly(2-acrylamido-2-methyl- 
15 propyl sulfuric acid-co-styrene); poly(vinylsulfuric acid); poly(sodium 4-styrenesulfate); 
a sulfate derivative of poly (aery lie acid); a sulfate derivative of poly(methyl acrylate); a 
sulfate derivative of poly(methyl methacrylate); and a sulfate derivative of poly (vinyl 
alcohol); and pharmaceutically acceptable salts thereof. 

A preferred sulfated polymer is poly(vinylsulfuric acid) or pharmaceutically 
20 acceptable salt thereof. 

A preferred sulfated disaccharide is sucrose octasulfate or pharmaceutically 
acceptable salt thereof Other sulfated saccharides contemplated for use in the invention 
include the acid form of methyl-a-D-glucopyranoside 2,3-disulfate (XVI), methyl 4,6- 
O-benzylidene-a-D-glucopyranoside 2,3-disulfate (XVII), 2,3,4,3*,4*-sucrose 
25 pentasulfate (XXXIII), 1 ,3:4,6-di-0-benzylidene-D-mannitol 2,5-disulfate (XLI), D- 
mannitol 2,5-disulfate (XLII), 2,5-di-O-benzyl-D-mannitol tetrasulfate (XLV); and 
pharmaceutically acceptable salts thereof. 

Preferred lower aliphatic sulfated AP-interferers for use in the invention include 
ethyl sulfuric acid; 2-aminoethan-l-ol sulfuric acid; 1-propanol sulfuric acid; 1,2- 
30 ethanediol disulfuric acid; 1,3-propanediol disulfuric acid; 1,4-butanediol disulfuric acid; 
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1,5-pentanediol disulfiiric acid; and 1 ,4-butanediol monosulfliric acid; and 
pharmaceutically acceptable salts thereof. Other sulfated aliphatic AjJ-interferers 
contemplated for use in the invention include the acid form of 1 3-cyclohexanediol 
disulfate (XL), U3,5-heptanetriol trisulfate paX), 2-hydroxymethyl-l,3-propanediol 

5 trisulfate (XX), 2-hydroxymethyl-2-methyM,3-propanediol trisulfate (XXI), 1,3,5,7- 
heptanetetraol tetrasulfate (XLVI), 1,3,5,7,9-nonane pentasulfate (LI); and 
pharmaceutically acceptable salts thereof. Other sulfated Ap-interferers contemplated 
for use in the invention include the acid form of 2-amino-2-hydroxymethyl-l,3- 
propanediol trisulfate (XXIV), 2-benzyloxy-l,3-propanediol disulfate (XXIX), 3- 

10 hydroxypropylsulfamic acid sulfate (XXX)2,2 -iminoethanol disulfate (XXXI), N,N- 
bis(2-hydroxyethyl)sulfamic acid disulfate (XXXII); and pharmaceutically acceptable 
salts thereof. 

Preferred heterocyclic sulfated Ap-interferers include 3-(N-morpholino)-l -propyl 
sulfuric acid; and tetrahydrothiophene-3,4-diol- 1,1 -dioxide disulfuric acid; and 
15 pharmaceutically acceptable salts thereof. 

The invention further contemplates the use of prodrugs which are converted m 
vivo to the Ap-interferers used in the methods of the invention (see, e.g., R.B. 
Silverman, 1992, "The Organic Chemistry of Drag Design and Drug Action", Academic 
Press, Chp. 8). Such prodmgs can be used to alter the biodistribution (e.g., to allow 

20 compounds which would not typically cross the blood-brain barrier to cross the blood- 
brain barrier) or the pharmacokinetics of the AP-interferer. For example, an anionic 
group, e.g., a sulfate or sulfonate, can be esterified, e.g, with a methyl group or a phenyl 
group, to yield a sulfate or sulfonate ester. When the sulfate or sulfonate ester is 
administered to a subject, the ester is cleaved, enzymatically or non-enzymatically, 

25 reductively or hydrolytically, to reveal the anionic group. Such an ester can be cyclic, 
e g., a cyclic sulfate or sultone, or two or more anionic moieties may be esterified 
through a linking group. Exemplary cyclic AP-interferers include, for example, 2- 
sulfobenzoic acid cyclic anhydride (LV), 1,3-propane sultone (LVI), 1,4-butane sultone 
(LVII), 1,3-butanediol cyclic sulfate (LVIII), a-chloro-a-hydroxy-o-toluenesulfonic acid 

30 y-sultone (LIX), and 6-nitronaphth-[l ,8-cd]-l ,2,-oxathiole 2,2-dioxide (LX). In a 
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preferred embodiment, the prodrug is a cyclic sulfate or sultone. An anionic group can 
be esterified with moieties (e.g.. acyloxymethyl esters) which are cleaved to reveal an 
intermediate AP-interferer which subsequently decomposes to yield the active Ap- 
interferer. In another embodiment, the prodrug is a reduced form of a sulfate or 
5 sulfonate, e.g., a thiol, which is oxidized in vivo to the AP-interferer. Furthennore, an 
anionic moiety can be esterified to a group which is actively transported in vivo, or 
which is selectively taken up by target organs. The ester can be selected to allow 
specific targeting of the AP-interferers to particular organs, as described below for 
carrier moieties. 

10 Carrier groups useful in the AP-interferers include groups previously described, 

e.g. aliphatic groups, alicyclic groups, heterocyclic groups, aromatic groups, groups 
derived from carbohydrates, polymers, peptides, peptide derivatives, or combinations 
thereof Suitable polymers include substituted and unsubstituted vinyl, acryl, styrene 
and carbohydrate-derived polymers and copolymers and salts thereof Preferred carrier 
15 groups include a lower alkyl group, a heterocyclic group, a group derived from a 
disaccharide, a polymer, a peptide, or peptide derivative. 

Carrier groups useful in the present invention may also include moieties which 
allow the Ap-interferer to be selectively delivered to a target organ or organs. For 
example, if delivery of a tAp-interferer to the brain is desired, the carrier group may 
20 include a moiety capable of targeting the AP-interferer to the brain, by either active or 
passive transport (a "targeting moiety"). Illustratively, the carrier group may include a 
redox moiety, as described in. for example, U.S. Patents 4,540.564 and 5,389,623, both 
to Bodor. These patents disclose drugs linked to dihydropyridine moieties which can 
enter the brain, where they are oxidized to a charged pyridinium species which is trapped 
25 in the brain. Thus, drug accumulates in the brain. Exemplary pyridine/dihdropyridine 
compounds of the invention include sodium 2-(mcotinylamido)-ethanesulfonate (LXII), 
and l-(3-sulfopropyl)-pyridinium betaine (LXIII). Other carrier moieties include 
groups, such as those derived from amino acids or thyroxine, which can be passively or 
actively transported in vivo. An illustrative compound is phenylalanyltaurine (LXIX), in 
30 which a taurine molecule is conjugated to a phenylalanine (a large neutral amino acid). 
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Such a carrier moiety can be metabolically removed in vivo, or can remain intact as part 
of an active Ap-interferer. Structural mimics of amino acids (and other actively 
transported moieties) are also useful in the invention (e.g., l-(aminomethyl)-l- 
(sulfomethyl)-cyclohexane (LXX)). Other exemplary amino acid mimetics include p- 

5 (sulfomethyl)phenylalanine (LXXII), p-(l ,3-disulfoprop-2-yl)phenylalanine (LXXIII), 
and 0-(l,3-disulfoprop-2-yl)tyrosine (LXXIV). Exemplary thyroxine mimetics include 
compounds LXXV, LXVI, and LXXVII. Many targeting moieties are known, and 
include, for example, asialoglycoproteins (see, e.g. Wu, U.S. Patent 5,166,320) and other 
li^nrnds which are transported into cells via receptor-mediated endocytosis (see below for 

10 fiiither examples of targeting moieties which may be covalently or non-covalently bound 
to a carrier molecule). Furthermore, the A^-interferers of the invention may bind to 
amyloidogenic proteins, e.g., Ap peptide, in the circulation and thus be transported to the 
site of action. 

The targeting and prodrug strategies described above can be combined to 

15 produce an AP-interferer that can be transported as a prodmg to a desired site of action 
and then unmasked to reveal an active Ap-interferer. For example, the dihydropyrine 
strategy of Bodor (see supra) can be combined with a cyclic prodrag, as for example in 
the compound 2-(l -methyl- l,4-dihydronicotinyl)amidomethyl-propanesultone (LXXI). 
In one embodiment, the AP-interferer in the pharmaceutical compositions is a 

20 sulfonated polymer, for example poly(2-acrylamido-2-methyl-l -propanesulfonic acid); 
poly(2-acrylamido-2-methyl-l -propanesulfonic acid-co-acrylonitrile); poly (2- 
acrylamido-2-methyl-l-propanesulfonic acid-co-styrene); poly(vinylsulfonic acid); 
poly(sodium 4-styrenesulfonic acid); a sulfonate derivative of poly (aery lie acid); a 
sulfonate derivative of poly(methyl acrylate); a sulfonate derivative of poly(methyl 

25 methacrylate); and a sulfonate derivative of poly(vinyl alcohol); and pharmaceutically 
acceptable salts thereof. 

In another embodiment, the Ap-interferer in the pharmaceutical compositions is 
a sulfated polymer, for example poly(2-acrylamido-2-methyl-l -propyl sulfuric acid); 
poly(2-acrylamido-2-methyl-l -propyl sulfuric acid-co-acrylonitrile); poly(2-acxylamido- 

30 2-methyl-l -propyl sulfuric acid-co-styrene); poly (vinyl sulfuric acid); poly (sodium 
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4-styrenesulfate); a sulfate derivative of poly(acrylic acid); a sulfate derivative of 
poly(methyl acrylate); a sulfate derivative of poly(methyl methacrylate); and 
pharmaceutically acceptable salts thereof. 

The AP-interferer or p75 receptor-interferer can also have the structure: 



RIX 

Z 



X 

.P— (CYlY2)nC(X)XR3 



in which Z is XR2 or R\ R» and R2 are each independently hydrogen, a substituted or 
unsubstituted aliphatic group (preferably a branched or straight-chain aliphatic moiety 
having from 1 to 24 carbon atoms in the chain; or an unsubstituted or substituted cyclic 
10 aliphatic moiety having from 4 to 7 carbon atoms in the aliphatic ring; preferred 

aliphatic and cyclic aliphatic groups are alkyl groups, more preferably lower alkyl). an 
aiyl group, a heterocyclic group, or a salt-forming cation; R3 is hydrogen, lower alkyl, 
aryl, or a salt-forming cation; X is, independently for each occurrence, O or S; R^ is 
hydrogen, lower alkyl, aryl or anuno; Yl and are each independently hydrogen, 
15 halogen (e.g., F. CI, Br, or I), lower alkyl, amino (including alkylamino, dialkylamino, 
arylamino, diarylamino, and alkylarylamino), hydroxy, alkoxy, or aryloxy; and n is an 
integer from 0 to 12 (more preferably 0 to 6, more preferably 0 or 1); such that amyloid 
deposition is modulated. These compounds are described in U.S. Application Serial No. 
08/912,574, the contents of which are incorporated herein by reference. 
20 Preferred AP-interferers or p75 receptor-interferers for use in the invention 

include compounds in which both R' and R2 are pharmaceutically acceptable salt- 
forming cations. It will be appreciated that the stoichiometry of an anionic compound to 
a salt-forming counterion (if any) wiU vary depending on the charge of the anionic 
portion of the compound (if any) and the charge of the counterion. In a particularly 
25 preferred embodunent, Rl, R2 and R3 are each independently a sodium, potassium or 
calcium cation. In certain embodiments in which at least one of R^ and R2 is an 
aUphatic group, the aliphatic group has between 1 and 10 carbons atoms in the straight 
or branched chain, and is more preferably a lower alkyl group. In other embodiments in 
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which at least one of and is an aliphatic group, the aliphatic group has between 10 
and 24 carbons atoms in the straight or branched chain. In certain preferred 
embodiments, n is 0 or 1 ; more preferably, n is 0. In certain preferred embodiments of 
the therapeutic compounds, Yl and are each hydrogen. 
5 In certain preferred embodiments, the Ap-interferer or p75 receptor-interferer of 

the invention can have the structure: 

X 

— (CYiY2)nC(0)OR3 

R1X"^I 

XR2 

in which R^ R2, R3, Y^, Y^, X and n are as defined above. In more preferred 
embodiments, the AP-interferer or p75 receptor-interferer of the invention can have the 
10 structure: 

X 

/P— (CYlY2)nCH(NRaRb)C(0)OR3 
RIO I ^ 
OR2 

in which R^ R^, R3, Y^ Y^, and X are as defined above, Ra and Rfe are each 
independently hydrogen, alkyl, aryl, or heterocyclyl, or Ra and Rfe, taken together with 
the nitrogen atom to which they are attached, form a cyclic moiety having from 3 to 8 

15 atoms in the ring, and n is an integer from 0 to 6. In certain preferred embodiments, Ra 
and Rb are each hydrogen. In certain preferred embodiments, a compound of the 
invention comprises an a-amino acid (or a-amino acid ester), more preferably a L-a- 
amino acid or ester. 

The Z, R^ R2, R3, Y^ Y^ and X groups are each independently selected such 

20 that the biodistribution of the Ap-interferer or p75 receptor-interferer for an intended 
target site is not prevented while maintaining activity of the Ap-interferer or p75 
receptor-interferer. For example, the number of anionic groups (and the overall charge 
on the therapeutic compotmd) should not be so great as to prevent traversal of an 
anatomical barrier, such as a cell membrane, or entry across a physiological barrier, such 

25 as the blood-brain barrier, in situations where such properties are desired. For example, 
it has been reported that esters of phosphonoformate have biodistribution properties 
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different from, and in some cases superior to, the biodistribution properties of 
phosphonoformate (see, e.g.. U.S. Patent Nos. 4,386,081 and 4,591583 to Helgstrand et 
al.. and U.S. Patent Nos. 5,194,654 and 5,463,092 to Hostetler et al.). Thus, in certain 
embodiments, at least one of R> and R2 is an aliphatic group (more preferably an alkyl 

5 group), in which the aliphatic group has between 1 0 and 24 carbons atoms in the straight 
or branched chain. The number, length, and degree of branching of the aliphatic chains 
can be selected to provide a desired characteristic, e.g., lipophilicity. In other 
embodiments, at least one of R> and is an aliphatic group (more preferably an alkyl 
group), in which the aliphatic group has between 1 and 10 carbons atoms in the straight 

10 or branched chain. Again, the nvimber, length, and degree of branching of the aliphatic 
chains can be selected to provide a desired characteristic, e.g., lipophilicity or ease of 
ester cleavage by enzymes. In certain embodiments, a preferred aliphatic group is an 
ethyl group. 

In another embodiment, the AP-interferer or p75 receptor-interferer of the 
15 invention can have the structure: 

G 

in which G represents hydrogen or one or more substituents on the aryl ring (e.g., alkyl, 
aryl, halogen, amino, and the like) and L is a substituted alkyl group (in certain 
embodiments, preferably a lower alkyl), more preferably a hydroxy-substituted alkyl or 

20 an alkyl substituted with a nucleoside base. In certain embodiments, G is hydrogen or 
an electron-donating group. In embodiments m which G is an electron-withdrawing 
group, G is preferably an electron withdrawing group at the meta position. The term 
"electron-withdrawing group" is known in the art, and, as used herein, refers to a group 
which has a greater electron- withdrawing than hydrogen. A variety of electron- 

25 withdrawing groups are known, and include halogens (e.g., fluoro, chloro, bromo, and 
iodo groups), nitro, cyano, and the like. Similarly, the term "electron-donating group", 
as used herein, refers to a group which is less electron-withdrawmg than hydrogen. In 



wo 99/59571 



PCT/IB99/00968 



-26- 

embodiments in which G is an electron donating group, G can be in the ortho, meta or 
para position. 



In certain preferred embodiments, L is a moiety selected from the group 
consisting of : 




ive ivf rvg 



Table 1 lists data pertinent to the characterization of these compounds using art- 
recognized techniques. The compounds IVa-IVg in Table 1 are corresponding to the 
following stracture, in which L is a group selected from the above-listed (Groups IVa- 
10 IVg) with the same number. 



O O 
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Table 1 

COMPOUND 


31PNMR 


13c NMR FAB-MS(-) 


IVa 


-6.33(DMSO-d6) 


60.97 CH20H(d, J=6Hz) 
66.76 CHOH(d, J=7.8Hz) 
121.65. 121.78, 121.99, 125.71, 
129.48, 129.57, 126.43 
Aromatic CH 

134.38 Aniline C-N 

150.39 Phenyl C-0(d, J=7Hz) 
171.57 P-C=0(d, J=234Hz) 


245.2 


IVb 


-6.41(DMSO-d6) 


13.94 CH3 

22.1 1, 24.40, 28.56, 28.72, 28.99, 
29.00, 31.30, 33.43, -(CH2)iO" 
65.03 CH2-0C(0) 
66.60 CH2-OP(d, J=5.6Hz) 
67.71 CH2-OH(d, J=6 Hz) 
121.73, 121.10, 125.64, 126.57, 
129.40, 129.95, Aromatic CH 
134.04 Aniline C-N 
150.31 Phenyl C-O 
171.44 P-C=0(d, J=6.7 Hz) 

172.83 0-C=0 


456 


IVc 


-6.46(DMSO-d6) 


13.94 CH3 

22.11,25.10, 28.68, 28.72, 
28.85, 29.00, 30.76, 31.31, 32.10, 

.(CH2)10- 

43.36 CH2-S 

68.43 CH2-OH 

68.43 CH-OH(d, J=6.3 Hz) 

68.76 P-0-CH2-9d, J=5.8 Hz) 
121.75, 122.03, 125.62, 126.37, 
129.30, 129.53, Aromatic CH 
134.23 Aniline C-N 
150.37 Phenyl C-0(d, J=6.7 Hz) 
171.47 P-C=0(d, J=234.0 Hz) 
198.47 S-C=0 


471 
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COMPOUND 



rvd 



31PNMR 
-6.61(DMSO-d6) 



13c NMR 



IVe 

rvf 

IVg 



-5.76(D20) 

-7.00(DMSO-d6) 

-6.60(DMSO-D6) 



FAB-MS(-) 



13.94 CH3 416 
22.06, 25.14, 28.24, 28.35, 
31.09, 32.14 

-CH2)6- 
43.40 CH2-S 

68.50 P-0-CH2-(d, J=5.8 Hz) 
68.77 CH-OH(d, 6.4 Hz) 
121.78, 122.59, 125.69, 127.06, 

129.43, 
129.59 Aromatic CH 
133.39 Aniline C-N 
150.38 Phenyl C-0(d, J=6.7 Hz) 
171.47 P-C=0(d, J=234.4 Hz) 
198.54 S-C=0 

N/A N/A 

N/A N/A 

70.84 CH2-OH 321 
72.17 CH-OH 

121.68, 121.79. 121.85, 125.71 
127.10, 

127.92, 129.36, 129.50, 129.59 

Aromatic CH 

134.51 Aniline C-N 

142.34 Aromatic C-CH 

150.37 Phenyl C-0(d, J=6.2 Hz) 

171.59 P-C=0(4 J=232.6 Hz) 



10 



An anionic group (i.e., a phosphonate or carboxylate group) of an A^-interferer 
or a p75 receptor-interferer of the invention is a negatively charged moiety that, in 
certain preferred embodiments, can modulate interaction between an A^-peptide and a 
component of a basement membrane, e.g., GAG or the p75 receptor, to, for example, 
modulate the formation of AP-fibrils or cell death. 

It will be noted that the structure of some of the A^-interferers or p75 receptor- 
interferers of this invention includes asymmetric carbon atoms. It is to be understood 
accordingly that the isomers (e.g., enantiomers and diastereomers) arising from such 
asymmetry are included within the scope of this invention. Such isomers can be 
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obtained in substantially pure form by classical separation techniques and by sterically 
controlled synthesis. For the purposes of this application, unless expressly noted to the 
contrary, an Ap-interferer or a p75 receptor-interferer shall be construed to include both 
the R or S stereoisomers at each chiral center. 
5 In certain embodiments, an AP-interferer or a p75 receptor-interferer of the 

invention comprises a cation (i.e., in certain embodiments, at least one of R^ or R^ is 
a cation). If the cationic group is hydrogen, H"^, then the Ap-interferer or p75 receptor- 
interferer is considered an acid, e.g., phosphonoformic acid. If hydrogen is replaced by a 
metal ion or its equivalent, the AP-interferer or p75 receptor-interferer is a salt of the 
10 acid. Pharmaceutically acceptable salts of the Ap-interferer or p75 receptor-interferer 
are within the scope of the invention. For example, at least one of R^ , R^ or R^ can be a 
pharmaceutically acceptable alkali metal (e.g., Li, Na, or K), ammonium cation, alkaline 
earth cation (e.g., Ca^^, Ba^^, Mg^"^), higher valency cation, or polycationic counter ion 
(e.g., a polyammonium cation). (See, e.g., Berge et al. (1977) "Pharmaceutical Salts", J. 
15 Pharm. Sci. 66: 1 - 1 9). It will be appreciated that the stoichiometry of an anionic 

compound to a salt-forming counterion (if any) will vary depending on the charge of the 
anionic portion of the compound (if any) and the charge of the counterion. Preferred 
pharmaceutically acceptable salts include a sodium, potassium or calcium salt, but other 
salts are also contemplated within their pharmaceutically acceptable range. 
20 The term "phamiaceutically acceptable esters" refers to the relatively non-toxic, 

esterified products of the AP-interferers or p75 receptor-interferers of the present 
invention. These esters can be prepared in situ during the final isolation and purification 
of the Ap-interferers or p75 receptor-interferers or by separately reacting the purified 
AP-interferer or p75 receptor-interferer in its free acid form or hydroxyl with a suitable 
25 esterifying agent; either of which are methods known to those skilled in the art. 
Carboxylic acids and phosphonic acids can be converted into esters according to 
methods well known to one of ordinary skill in the art, e.g., via treatment with an alcohol 
in the presence of a catalyst. A preferred ester group (e.g., when R^ is lower alkyl) is 
an ethyl ester group. 
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The term "alkyl" refers to the saturated aliphatic groups, including straight-chain 
alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl 
substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In preferred 
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in 
5 its backbone (e.g., C1-C30 for straight chain, C3-C30 for branched chain), and more 
preferably 20 or fewer. Likewise, preferred cycloalkyls have from 4-1 0 carbon atoms in 
their ring structure, and more preferably have 4-7 carbon atoms in the ring structure. 
The term "lower alkyl" refers to alkyl groups having from 1 to 6 carbons in the chain, 
and to cycloalkyls having from 3 to 6 carbons in the ring structure. 
10 Moreover, the term "alkyl" (including "lower alkyl") as used throughout the 

specification and claims is intended to include both "unsubstituted alkyls" and 
"substituted alkyls", the latter of which refers to alkyl moieties having substituents 
replacing a hydrogen on one or more carbons of the hydrocarbon backbone. Such 
substituents can include, for example, halogen, hydroxyl, alkylcarbonyloxy, 
15 arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, 
alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, 
phosphinato, cyano, amino (including alkyl amino, dialkylamino, arylamino, 
diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino, 
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, 
20 arylthio, thiocarboxylate, sulfate, sulfonate, sulfamoyl, sulfonamide, nitro, 

trifluoromethyl, cyano, azido, heteiocyclyl, aralkyl, or an aromatic or heteroaromatic 
moiety. It will be understood by those skilled in the art that the moieties substituted on 
the hydrocarbon chain can themselves be substituted, if appropriate. Cycloalkyls can be 
further substituted, e.g., with the substituents described above. An "aralkyl" moiety is an 
25 alkyl substituted with an aryl (e.g., phenylmethyl (benzyl)). 

The term "alkoxy", as used herein, refers to a moiety having the structure -O- 
alkyl, in which the alkyl moiety is described above. 

The term "aryl" as used herein includes 5- and 6-membered single-ring aromatic 
groups that may include from zero to four heteroatoms, for example, unsubstituted or 
30 substituted benzene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, triazole, 
pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. Aryl groups also 
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include polycyclic fused aromatic groups such as naphthyl, quinolyl, indolyl, and the 
like. The aromatic ring can be substituted at one or more ring positions with such 
substituents, e.g., as described above for alkyl groups. Preferred aryl groups include 
imsubstituted and substituted phenyl groups. 
5 The term "aryloxy", as used herein, refers to a group having the structure -O-aryl, 

in which the aryl moiety is as defined above. 

The term "amino," as used herein, refers to an unsubstituted or substituted moiety 
of the formula -NRaRb. in which Ra and Rb are each independently hydrogen, alkyl, 
aryl, or heterocyclyl, or Ra and Rb, taken together with the nitrogen atom to which they 
10 are attached, form a cyclic moiety having from 3 to 8 atoms in the ring. Thus, the term 
"amino" is intended to include cyclic amino moieties such as piperidinyl or pyrrolidinyl 
groups, unless otherwise stated. An "amino-substituted amino group" refers to an 
amino group in which at least one of Ra and Rb, is further substituted with an amino 
group. 

15 In a preferred embodiment, R^ or R2 can be (for at least one occurrence) a long- 

chain aliphatic moiety. The term "long-chain aliphatic moiety" as used herein, refers to 
a moiety having a straight or branched chain aliphatic moiety (e.g., an alkyl or alkenyl 
moiety) having from 10 to 24 carbons in the aliphatic chain, e.g., the long-chain aliphatic 
moiety is an aliphatic chain of a fatty acid (preferably a naturally-occurring fatty acid). 

20 Representative long-chain aliphatic moieties include the aliphatic chains of stearic acid, 
oleic acid, linolenic acid, and the like. 

In certain embodiments, the Ap-interferer or p75 receptor-interferer of the 
invention can have the structure: 



R»0 . ^ 
OR2 

25 



O 

.P — (CYiY2)nCOOR3 



in which Rl and R2 are each independently hydrogen, an aliphatic grovq> (preferably a 
branched or straight-chain aliphatic moiety having from 1 to 24 carbon atoms, more 
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preferably 10-24 carbon atoms, in the chain; or an nnsubstituted or substituted cyclic 
aliphatic moiety having from 4 to 7 carbon atoms in the aliphatic ring), an aryl group, a 
heterocyclic group, or a salt-forming cation; is hydrogen, lower alkyl, aryl, or a salt- 
forming cation; and are each independently hydrogen, halogen (e.g., F, CI, Br, or 

5 I), lower alkyl, hydroxy, alkoxy, or aryloxy; and n is an integer from 0 to 12; such that 
amyloid deposition is modulated. In one preferred embodiment, Ap-interferers or p75 
receptor-interferers of the invention prevent or inhibit amyloid deposition in a subject to 
which the Ap-interferer or p75 receptor-interferer is administered. Preferred Ap- 
interferers or p75 receptor-interferers for use in the invention include compounds in 

10 which both and R^ are pharmaceutically acceptable salt-forming cations. In a 
particularly preferred embodiment, R*, R^ and R^ are each independently a sodium, 
potassium or calcixmi cation, and n is 0. In certain preferred embodiments of the 
therapeutic compounds, Yl and Y^ are each hydrogen. Particularly preferred Ap- 
interferers or p75 receptor-interferers are salts of phosphonoformate. Trisodium 

15 phosphonoformate (foscamet sodium or Foscavir®) is commercially available (e.g., 
from Astra), and its clinical pharmacology has been investigated (see, e.g., "Physician's 
Desk Reference", 51st Ed., pp. 541-545 (1997)). 

In another embodiment, the Ap-interferer or p75 receptor-interferer used in the 
invention can be an aminophosphonate, a bisphosphonate, a phosphonocarboxylate 

20 derivative, a phosphonate derivative, or a phosphono carbohydrate. For example, the 
Ap-interferer or p75 receptor-interferer can be one of the compounds described in 
Appendix A submitted herewith. 

Pharmaceutically Acceptable Formulations 

25 In the method of the invention, the Ap-interferer or p75 receptor-interferer can be 

administered in a pharmaceutically acceptable formulation. The present invention 
pertains to any pharmaceutically acceptable formulations, such as synthetic or natural 
polymers in the form of macromolecular complexes, nanocapsules, microspheres, or 
beads, and lipid-based formulations including oil-in-water emulsions, micelles, mixed 

30 micelles, synthetic membrane vesicles, and resealed erythrocytes. 
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In one embodiment, the pharaiaceutically acceptable fomiulations comprise a 
polymeric matrix. 

The terms "polymer" or "polymeric" are art-recognized and include a structural 
framework comprised of repeating monomer units which is capable of delivering an AP- 
5 interferer or a p75 receptor-interferer, such that treatment of a targeted condition, e.g., a 
CNS injury, occurs. The terms also include co-polymers and homopolymers e.g., 
synthetic or naturally occurring. Linear polymers, branched polymers, and cross-linked 
polymers are also meant to be included. 

For example, polymeric materials suitable for forming the pharmaceutically 
10 acceptable formulation employed in the present invention, include naturally derived 
polymers such as albumin, algmate, cellulose derivatives, collagen, fibrin, gelatin, and 
polysaccharides, as well as synthetic polymers such as polyesters (PLA, PLGA), 
polyethylene glycol, poloxomers, polyanhydrides, and plvironics. These polymers are 
biocompatible with the nervous system, including the central nervous system, they are 
15 biodegradable within the central nervous system wdthout producing any toxic byproducts 
of degradation, and they possess the ability to modify the manner and duration of Ap- 
interferer or p75 receptor-interferer release by manipulating the polymer's kinetic 
characteristics. As used herein, the term "biodegradable" means that the polymer will 
degrade over time by the action of en2ymes, by hydrolytic action and/or by other similar 
20 mechanisms in the body of the subject. As used herein, the term "biocompatible" means 
that the polymer is compatible with a living tissue or a living organism by not being 
toxic or injurious and by not causing an immunological rejection. 

Polymers can be prepared using methods known in the art (Sandler, S. R,; Karo, 
W. Polymer Syntheses; Harcourt Brace: Boston, 1994; Shalaby, W.; Ikada, Y.; Langer, 
25 R.; Williams, J. Polymers of Biological and Biomedical Significance (ACS Symposium 
Series 540; American Chemical Society: Washington, DC, 1994). Polymers can be 
designed to be flexible; the distance between the bioactive side-chains and the length of 
a linker between the polymer backbone and the group can be controlled. Other suitable 
polymers and methods for their preparation are described in U.S. Patent Nos. 5,455,044 
30 and 5,576,01 8, the contents of which are incorporated herein by reference. 
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The polymeric formulations are preferably formed by dispersion of the Ap- 
interferer or p75 receptor-interferer within liquefied polymer, as described in U.S. Pat. 
No. 4,883,666, the teachings of which are incorporated herein by reference, or by such 
methods as bulk polymerization, interfacial polymerization, solution polymerization and 
5 ring polymerization as described in Odian G., Principles of Polymerization and ring 
opening polymerization, 2nd ed., John Wiley & Sons, New York, 1981, the contents of 
which are incorporated herein by reference. The properties and characteristics of the 
formulations are controlled by varying such parameters as the reaction temperature, 
concentrations of polymer and AP-interferer or p75 receptor-interferer, types of solvent 
10 used, and reaction times. 

In addition to the Ap-interferer or p75 receptor-interferer and the 
pharmaceutically acceptable polymer, the pharmaceutically acceptable formulation used 
in the method of the invention can comprise additional pharmaceutically acceptable 
carriers and/or excipients. As used herein, "pharmaceutically acceptable carrier" 
15 includes any and all solvents, dispersion media, coatings, antibacterial and anti fungal 
agents, isotonic and absorption delaying agents, and the like that are physiologically 
compatible. For example, the carrier can be suitable for injection into the cerebrospinal 
fluid. Excipients include pharmaceutically acceptable stabilizers and disintegrants. 

The Ap-interferer or p75 receptor-interferer can be encapsulated in one or more 
20 pharmaceutically acceptable polymers, to form a microcapsule, microsphere, or 

microparticle, terms used herein interchangeably. Microcapsules, microspheres, and 
microparticles are conventionally free-flowing powders consisting of spherical particles 
of 2 millimeters or less in diameter, usually 500 microns or less in diameter. Particles 
less than 1 micron are conventionally referred to as nanocapsules, nanoparticles or 
25 nanospheres. For the most part, the difference between a microcapsule and a 

nanocapsule, a microsphere and a nanosphere, or microparticle and nanoparticle is size; 
generally there is little, if any, difference between the internal structure of the two. In 
one aspect of the present invention, the mean average diameter is less than about 45 pm, 
preferably less than 20 pm, and more preferably between about 0.1 and 10 pm. 
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In another embodiment, the pharmaceutically acceptable formulations comprise 
lipid-based formulations. Any of the known lipid-based drug delivery systems can be 
used in the practice of the invention. For instance, multivesicular liposomes (MVL), 
multilamellar liposomes (also known as multilamellar vesicles or "MLV"), unilamellar 
5 liposomes, including small unilamellar liposomes (also known as unilamellar vesicles or 
"SUV") and large unilamellar liposomes (also known as large unilamellar vesicles or 
"LUV"), can all be used so long as a sustained release rate of the encapsulated AP- 
interferer or p75 receptor-interferer can be established. In one embodiment, the lipid- 
based formulation can be a multivesicular liposome system. Methods of making 
10 controlled release multivesicular liposome drug delivery systems is described in PCX 
Application Serial Nos. US96/1 1642, US94/12957 and US94/04490, the contents of 
which are incorporated herein by reference. 

The composition of the synthetic membrane vesicle is usually a combination of 
phospholipids, usually in combination with steroids, especially cholesterol. Other 
15 phospholipids or other lipids may also be used. 

Examples of lipids useful in synthetic membrane vesicle production include 
phosphatidylglycerols, phosphatidylcholines, phosphatidylserines, 
phosphatidylethanolamines, sphingolipids, cerebrosides, and gangliosides. Preferably 
phospholipids including egg phosphatidylcholine, dipalmitoylphosphatidylcholine, 
20 distearoylphosphatidylchoiine, dioleoylphosphatidylcholine, 

dipabnitoylphosphatidylglycerol, and dioleoylphosphatidylglycerol are used. 

In preparing lipid-based vesicles containing an Ap-interferer or p75 receptor- 
interferer, such variables as the efficiency of Ap-interferer or p75 receptor-interferer 
encapsulation, lability of the Ap-interferer or p75 receptor-interferer, homogeneity and 
25 size of the resulting population of vesicles. Ap-interferer- or p75 receptor-interferer-to- 
lipid ratio. permeabiUty, instability of the preparation, and pharmaceutical acceptability 
of the formulation should be considered (see Szoka, et al.. Annual Reviews of 
Biophysics and Bioengineering, 9:467, 1980; Deamer, et al., in Liposomes, Marcel 
Dekker, New York, 1983, 27; and Hope, et al., Chem. Phys. Lipids, 40:89, 1986, the 
30 contents of which are incorporated herein by reference). 
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Administration of the Pharmaceutically Acceptable Formulation 

In one embodiment, the Ap-interferer or p75 receptor-interferer is administered 
by introduction into the central nervous system of the subject, e.g., into the cerebrospinal 
fluid of the subject. In certain aspects of the invention, the Ap-interferer or p75 
5 receptor-interferer is introduced intrathecally, e.g., into a cerebral ventricle, the lumbar 
area, or the cistema magna. 

The pharmaceutically acceptable formulations can easily be suspended in 
aqueous vehicles and introduced through conventional hypodermic needles or using 
infusion pumps. Prior to introduction, the formulations can be sterilized with, 
10 preferably, ganuna radiation or electron beam sterilization, described in US patent no. 
436,742 the contents of which are incorporated herein by reference. 

In another embodiment of the invention, the Ap-interferer or p75 receptor- 
interferer formulation is administered into a subject intrathecally. As used herein, the 
term "intrathecal administration" is intended to include delivering an Ap-interferer or 
15 p75 receptor-interferer formulation directly into the cerebrospinal fluid of a subject, by 
techniques including lateral cerebroventricular injection through a burrhole or cisternal 
or lumbar puncture or the like (described in Lazorthes et al. Advances in Drug Delivery 
Systems and Applications in Neurosurgery, 143-192 and Omaya et al.. Cancer Drug 
Delivery, 1 : 169-179, the contents of which are incorporated herein by reference). The 
20 term "lumbar region" is intended to include the area between the third and fourth lumbar 
(lower back) vertebrae. The term "cistema magna" is intended to include the area where 
the skull ends and the spinal cord begins at the back of the head. The term "cerebral 
ventricle" is intended to include the cavities in the brain that are continuous with the 
central canal of the spinal cord. Administration of an Ap-interferer or p75 receptor- 
25 interferer to any of the above mentioned sites can be achieved by direct injection of the 
AP-interferer or p75 receptor-interferer formulation or by the use of infusion pumps. 
For injection, the AP-interferer or p75 receptor-interferer formulation of the invention 
can be formulated in liquid solutions, preferably in physiologically compatible buffers 
such as Hank's solution or Ringer's solution. In addition, the AP-interferer or p75 
30 receptor-interferer formulation may be formulated in solid form and re-dissolved or 
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can 



luspendedinunediately prior to use. Lyophilized fonns are also included. The injection 

be, for example, in the form of a bolus injection or continuous infusion (e.g., using 
infusion pumps) of the Ap-interferer or p75 receptor-interferer formulation. 

5 Duration and Levels of Administration 

In another embodiment of the method of the invention, the pharmaceutically 
acceptable formulation provides sustained delivery, e.g., "slow release" of the Ap- 
interferer or p75 receptor-interferer to a subject for at least one, two, three, or four weeks 
after the pharmaceutically acceptable formulation is administered to the subject. 
10 As used herein, the term "sustained delivery" is intended to include continual 

delivery of an AP-interferer or p75 receptor-interferer in vivo over a period of time 
following administration, preferably at least several days, a week or several weeks. 
Sustained delivery of the AP-interferer or p75 receptor-interferer can be demonstrated 
by, for example, tiie continued tiier^utic effect of tiie Ap-interferer or p75 receptor- 
15 interferer over time {e.g., sustained delivery of tiie AP-interferer or p75 receptor- 
interferer can be demonstrated by continued inhibition of neuronal cell deatii over time). 
Alternatively, sustained delivery of tiie AP-interferer or p75 receptor-interferer may be 
demonstrated by detecting tiie presence of tiie AP-interferer or p75 receptor-interferer in 
vivo over time. 

20 In one embodiment, tiie pharmaceutically acceptable formulation provides 

sustained deUvery of tiie Ap-interferer or p75 receptor-interferer to a subject for less 
tiian 30 days after tiie Ap-interferer or p75 receptor-interferer is administered to tiie 
subject. For example, tiie pharmaceutically acceptable formulation, e.g., "slow release" 
fonnulation, can provide sustained delivery of tiie Ap-interferer or p75 receptor- 

25 interferer to a subject for one, two, tiiree or four weeks after tiie AP-interferer or p75 
receptor-interferer is administered to tiie subject. Alternatively, tiie pharmaceutically 
acceptable formulation may provide sustained delivery of tiie Ap-interferer or p75 
receptor-interferer to a subject for more tiian 30 days after tiie AP-interferer or p75 
receptor-interferer is administered to the subject. 
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The pharmaceutical formulation, used in the method of the invention, contains a 
therapeutically effective amotmt of the AP-interferer or p75 receptor-interferer. A 
"therapeutically effective amount" refers to an amount effective, at dosages and for 
periods of time necessary, to achieve the desired result. A therapeutically effective 
5 amount of the Ap-interferer or p75 receptor-interferer may vary according to factors 
such as the disease state, age, and weight of the subject, and the ability of the AP- 
interferer or p75 receptor-interferer (alone or in combination with one or more other 
agents) to elicit a desired response in the subject Dosage regimens may be adjusted to 
provide the optimum therapeutic response. A therapeutically effective amount is also 
10 one in which any toxic or detrimental effects of the Ap-interferer or p75 receptor- 

interferer are outweighed by the therapeutically beneficial effects. A non-limiting range 
for a therapeutically effective concentration of an Ap-interferer or p75 receptor- 
interferer is 100 to 1 mM. It is to be further understood that for any particular 
subject, specific dosage regimens should be adjusted over time according to the 
15 individual need and the professional judgment of the person administering or 

supervising the administration of the Ap-interferer or p75 receptor-interferer and that 
dosage ranges set forth herein are exemplary only and are not intended to limit the scope 
or practice of the claimed invention. 

20 In Ki/ro Treatment of Neuronal Cells 

Neurons, e.g., CNS neurons, or isolated neuronal cells can further be contacted 
with a therapeutically effective amount of a Ap-interferer or p75 receptor-interferer, in 
vitro. Accordingly, neuronal cells can be isolated from a subject and grown in vitro, 
tising techniques well known in the art. Briefly, a neuronal cell culture can be obtained 

25 by allowing neuron cells to migrate out of fragments of neuronal tissue adhering to a 

suitable substrate (e.g., a culture dish) or by disaggregating the tissue, e.g., mechanically 
or enzymatically, to produce a suspension of neuronal cells. For example, the enzymes 
trypsin, coUagenase, elastase, hyaluronidase, DNase, pronase, dispase, or various 
combinations thereof can be used. Trypsin and pronase give the most complete 

30 disaggregation but may damage the cells. CoUagenase and dispase give a less complete 
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dissagregation but are less harmful. Methods for isolating tissue (e.g., neuronal tissue) 
and the disaggregation of tissue to obtain cells (e.g., neuronal cells) are described in 
Freshney R. I., Culture of Animal Cells, A Manual of Basic Technique, Third Edition, 
1994, the contents of which are incorporated herein by reference. 
5 Such cells can be subsequently contacted with an Ap-interferer or p75 receptor- 

interferer at levels and for a duration of time as described above. Once inhibition of 
neuronal cell death has been achieved, these neuronal cells can be re-administered to the 
subject, e.g., by implantation. 

10 States Characterized bv AB-Induced and/or d75 Rece ptor-Mediated 
Neuronal Cell Death 

The present invention further pertains to a method of treating a disease state 
characterized by Ap-induced and/or p75 receptor-mediated neuronal cell death in a 
subject. As used herein, the term "state" is art recognized and includes a disorder, 

15 disease or condition characterized by Ap-induced and/or p75 receptor-mediated neuronal 
cell death. Examples of such disorders include Alzheimer's Disease, dementias related 
to Alzheimer's disease (such as Pick's disease), Parkinson's and other Lewy diffuse body 
diseases, multiple sclerosis, amyotrophic lateral sclerosis, progressive supranuclear 
palsy, and spongioform encephalitis. 

20 The invention is further illustrated by the following examples, which should not 

be construed as further limiting. The contents of all references, patents and published 
patent applications cited throughout this application are hereby incorporated by 
reference. 

25 Examples 

NGF-differentiated PC-12 cells were treated with fibrillar AP40 or fibrillar AP42 
in the presence or absence of Ap-interferers. The percentage of dead cells were 
determined by MTT and SRB (rhodamine based dye - protein count) assays (as 
described in, for example, Rubinstein L.V. et al. (1990) J. Natl Cancer InsL 82 (13): 
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1 1 1 3-8) after a 24 hour incubation. Cells were incubated with A^4q with same weight 
compounds at 1 :1 or 1:2 - weight:weight ratio. 

The contents of all references, issued patents, and published patent applications 
cited throughout this application, including the background, are hereby incorporated by 
5 reference. 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, numerous equivalents to the specific procedures described 
10 herein. Such equivalents are considered to be within the scope of this invention and are 
covered by the following claims. 
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Appendix A 

AMINOPHOSPHONATES 



Code 

NC-796 



Name 



3-[2-( 1 ,2,3 ,4-Tetrahydroisoqmnolinyl)]- 1 - 
propanephosphonic acid, disodium salt 



Structure 



DO- 



,P(ONa)2 



NC-83 1 3-Aininopropylphosphonic acid 

NC-849 (S)-2-Ainino-2-methyl-4- 
phosphonobutanoic acid 



NH2CH2CH2CH2PP3H2 

HQ2a^^^>v^PO(0")2 
HjK" CH3 



NC-850 D-(-)-2-Amino-4-phosphonobutanoicacid j^f^" 

NC-851 L-(+)-2-Amino-4-phosphonobutanoicacid ^jH..?^" 

H'^'^ — ^PO(OH)2 

NC-860 3-Aininopropyl(methyl)phosphinic acid. o 

hydrochloride HjN^^^^P-OH • HCl 

Me 



NC-876 (/?)-(-)-3-(2-Carboxypiperaan-4-yl)- 
propyl-l-phosphonic acid (D-CPP) 



CH2CH2CH2PO3H2 
H 



NC-890 (/?^-4-(3-Phosphonoprop-2- 

yl)piperazine-2-carboxylic acid 



en" 



CH2CH-CHPO3H2 
H 



H 



BM SDOC ID- <WO 8959ST1A1 I > 
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NC- 1519 rra/w-L-4-PhosphonomethyiproIine, NaO; 
trisodium salt 




CH2P(OXONa)2 



NC-1520 c/>L-4-Phosphonomethylproline, NaOjC ^ 

^^0<ii^m^^' .l(^CH.P(OXONa), 

NC-1563 4-Anuiio-l-butylphosphonicacid, O 

disodiurasalt HjN'^^-^^^'^^^*^ 

NC-1565 i-(3-PhosphonopropyI)-benzimida2ole, O 

disodiumsalt CHzCHjCHjPCONa)^ 

CO 

NC-1 568 3-Dimethylamino-l -propylphosphonic O 

acid, disodium salt Me2NCH2CH2CH2P(ONa)2 

NC-1 667 3-Ainino-butyiphosphomc acid, ^x-^^POaNai 
disodium salt 

NC-1668 3-Ainino-pentylphosphonic acid, /v..,^.^^\^P03Na2 
disodium salt 

NC-1669 3-Amino-hexylphosphonic acid, ^.^^^vj^^^^^^^^^^^ 

disodium salt {ru. 
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NC- 1 670 3 - Amino-hepty Iphosphonic acid, 
disodium salt 




POjNaj 



NC- 1671 3 -Amino-octylphophonic acid, 
disodium salt 



.P03Na2 



NH2 



NC- 1 672 3-Aniino-4-methyl-pentylphosphonic acid, 
disodium salt 




POjNaj 



NH2 



NC- 1 673 3-Amino-3-methyl-buty Iphosphonic acid, 
disodium salt 



POjNaj 



NH2 



NC- 1 674 3 -Amino-3-phenyl-propy Iphosphonic 
acid, 

disodium salt 




NH2 



NC-1 675 3-Amino-4-phenyI-butylphosphonic acid, 
disodium salt 




NC- 1 676 3 -Amino-4-pheny 1-pentylphosphonic acid, 
disodium salt 




P03Na2 



NC-1677 3-Amino-3-phenyl-butylphosphonic acid, 
disodium salt 



PP,Na2 



NH2 



DMcnnr:irv <-wo QfiRQf%7iAi 1 > 
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NC- 1 678 2-Ainino-2-(2-phosphonoethyl)- 1 ,3 ,4- 
trihydronaphthalene, disodium salt 



"P03Na2 



NC- 1 679 1 -Amino- 1 -(2-phosphonoethyI)- 
cyclohexane, disodium salt 




PQsNaj 



NC- 1 680 2-(2- Amino-4- 

phosphonobutoxy)tetrahydropyran 



a 



NC- 1 68 1 3- Amino-4-hydroxy-butylphosphonic 
acid, 

disodiiun salt 
NC- 1 704 Diethyl l-pyrrolidiny Iphosphonate 



HO" 



,P03Na2 



NH2 



KOC^Hsh 
H O 



NC-1 705 2-Pyrrolidinylphosphonic acid, disodium 
salt 



H O 



P(ONa)2 



NC-1 706 1 , 1 -Dioxo-2-(3-phosphonopropyl)- 
isothiazoline, disodium salt 



NC-1 708 2-Deoxy-2-phosphonoacetylamino-D- 
glucose 



HO— I 
J— O 



/oh Woh 



NHC0CH2P(ONa)2 



SUBSTITUTE SHEET (RULE 26) 



wo 99/59571 



PCT/IB99/00968 



45 



NC-1713 3-Hydroxy-3-(2-pyridyl)propenyl-2- 
phosphonic acid, disodium salt 



NC-1714 3-Hydroxy-3-(3-pyridyl)propenyl-2- 
phosphonic acid, disodium salt 



NC-1715 3-Hydroxy-3-(4-pyridyl)propenyl-2- 
phosphonic acid, disodium salt 




NC- 1 7 1 6 3-Amino-3-(2-pyridyl)propenyl-2- 

phosphonic acid, disodium salt Jl 



'P(ONa)2 
o 



NC-1717 3-Amino-3-(3-pyridyl)propenyl-2- 
phosphonic acid, disodium salt 




O 
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NC- 1718 3-Ainino-3-(4-pyridyl)propenyl-2- 
phosphonic acid, disodium salt 




NC-1719 1 ,4-Diainino-l-(3-pyridyl)butyI-2- 
phosphonic acid, disodium salt 



NC-1720 l,4-Diainmo-4-methyl-l-(3- 

pyridyl)pentyl-2-phosphonic acid, 
disodium salt 



NC- 1 72 1 1 ,4-Diamino-4-methy 1- 1 -(2- 

pyridyI)pentyl-2-phosphonic acid, 
disodium salt 




NC-1722 l,4-Diamino-4-methyl-l-(4- 

pyridyl)pentyl-2-phosphonic acid, 
disodium salt 



NC-1728 3-(2-Amino-4,5,7,8-tetrahydro-6/f- 
thiazoIo[4,5w/]azepin-6-yl)propyl- 
phosphonic acid, disodium salt 



HjN-^ 
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NC-1769 A'.Phosphonomethylglycine „o),?cH.NHCH,OOOH 
NC-1770 .V-Phosphonomethylglycinctrisodiumsalt ^^J^^^^^^^^ 



NCI 773 (2;?.45)-4.Phosphonomethylpipecolinic O 

acid, irisodium salt ^P(ONah 



Q 



OOjNa 

I 

H 



O 
II 



NC.1774 (2/?.45)-4-Phosphonomethyl- 

pipecolinamide. disodium salt ^PCONa)^ 

H O 



NC-1784 3-[6-Methoxy-2-(l,2,3.4-tetrahydro- MeO.,^^^-^ 

isoquinolinyl)]propylphosphomc acid. UJk/N^^^I^Na, 

disodium salt 
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NC-1785 



NC-1786 



NC-1787 



SUBSTITUTE SHEET (RULE 26) 



3.f8-Methoxy.2-(U.3.4-tetrahydro- 
isoquinoUnyl)]propylphosphomc acid, 

disodium salt 

3-[2-(3-Methoxycarbonyl-l ,2,3,4- 
tetrahydroisoquinolinyl)]- 
propylphosphonic acid disodium salt 

2-(3-Phosphonopropy 1)- 1 ,2,3 ,4- 
tetrahydro-9/f-pyrido[3,4-fc]indole, 

disodium salt 




OMe 



P03Na2 



,C02Me 




I 

H 
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Bisphosphonates 



Code Name 



Structure 



NC- 1 702 Pamidronic acid (3 -Aminopropyl- 1 - 

hydroxypropane- 1 , 1 -bisphosphonic acid) 



PO3H2 
PO3H2 

OH 



NC-1703 S-Amino-l-hydroxypropane-l.l- 

bisphosphonic acid, tetrasodium salt 



PQsNai 
OH 



NC-1710 l.Amino-3-sulfopropane-l,l- 
bisphosphonic acid 



HO3S 



PO3H2 
PO5H2 



NC-1 71 1 l-Amino-S-sulfopropane-l,!- 

bisphosphonic acid, pentasodium salt 



POsNaj 
NaOjS^^^*^^ P03Na2 

NH2 



NC-1723 l,3-Dianiinopropane-l,l-bisphosphonic PQsNaj 
acid, tetrasodium salt H2N^^^->^P03lMa2 



NC-1 724 1 -Ainino-3-dimefliylaininopropane-l ,1 • 
bisphosphonic acid, tetrasodium salt 



I P03Na2 
,N,^^/v^P03Na2 

NH2 



NC-1725 3-Dimethylamino-l-hydroxypropane-l ,1 ■ 
bisphosphonic acid, tetrasodium salt 



I P03>4a2 
.N>^^.'-^PQjNa2 

OH 
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NC- 1 726 1 .Hydroxy-3-(methylpheny lamino)- 
propane- 1 , 1 -bisphosphonic acid, 
tetratsodium salt 



or"- 



OH 



NC-1727 1 -Amino-3-(methylphenylanuno)propane- 
1 , 1 -bisphosphonic acid, tetrasodium salt 



POaNaz 



NC-1732 Ibandronic acid, tetrasodium salt 

( i-Hydroxy-3-(methylpentylamino)- 
propane-1 , 1 -bisphosphonic acid, 
tetrasodium salt) 

NC- 1 733 1 -Aniino-3-(methylpentylamino)propane- 
1,1 -bisphosphonic acid, tetrasodium salt 





POjNaa 



POjNaj 



NC-1734 1 -Amino-3-(l -benzimidazolyl)propane- 
1,1-bisphosphonic acid 



NH2 



NC-1735 l.Ainino-3-(l-ben2dmidazolyl)propane- 
1,1-bisphosphomc acid, tetrasodium salt 



NC-1736 3-Aininopropane-l,l-bisphosphonic acid, 
tetrasodium salt 



,P03Na2 
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NC- 1 73 7 (ff/)-3-Aininobutane- 1 , 1 -bisphosphonic 
acid, tetrasodium salt 



POjNaj 



NH2 PPjNaj 



NC- 1 73 8 (if/)-3-Aininopentane- 1 , 1 -bisphosphonic 
acid, tetrasodium salt 



NH2 PCbNaa 



NC- 1 73 9 (cf/)-3-Aininohexane- 1 , 1 -bisphosphonic 
acid, tetrasodium salt 



^POjNaa 
NH2 POsNaa 



NC-1740 (^/)-3-Aminoheptane-l ,1-bisphosphomc 
acid, tetrasodium salt 



.POsNaj 
NH2 P03Na2 



NC-1 74 1 (f/O-3-Aininooctane- 1 , 1 -bisphosphonic 
acid, tetrasodium salt 



,P03Na2 
NH2 P03Na2 



NC-1 742 (if/)-3-Amino-4-methylpentane-l , 1 - 
bisphosphonic acid, tetrasodium salt 




,P03Na2 
NH2 P03Na2 



NC- 1 743 (d'/)-3-Ainino-3-methy Ibutane- 1,1- 
bisphosphonic acid, tetrasoditim salt 



NH2 P03Na2 



NC-1744 (dZ)-3-Amino-3-phenylpropanc-l,l- 
bisphosphonic acid, tetrasodium salt 




P03Na2 
NH2 POjNaj 



NC-1745 (<//).3-Ainino-4-phenyibutane-l,l- 
bisphosphonic acid, tetrasodium salt 
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NC- 1 746 (d//)-3-Amino-4-phenylpentane- 1,1- 
bisphosphonic acid, tetrasodium salt 




NC-1 747 (i//)-3-Ainino-3-phenyIbutaiie-l ,1 - 
bisphosphonic acid, tetrasodium salt 




POjNaj 



NC-1 748 (^/)-2-(2-Amino-l ,2,3,4- 

tetrahydronaphthaleny I)ethane- 1,1- 
bisphosphonic acid, tetrasodium salt 




NH2 POaNaj 



POjNaj 



NC- 1 749 2-( 1 - Aminocy clohexyl)ethane- 1,1- 
bisphosphonic acid, tetrasodium salt 




PCbNaj 



NC- 1 750 2-(2- Amino-4,4-bisphosphonobutoxy)- 
tetrahydropyran, tetrasodium salt 




POjNaj 



NH2 POaNaj 



NC- 1 75 1 (d/)-3-Amino-4-hydroxybutane- 1,1- 
bisphosphonic acid, tetrasodium salt 



,P03Na2 
NH2 Pp3Na2 



NC- 1 752 (S)-Hydroxy(2-pyrrolidinyl)methane- 
bisphosphonic acid tetrasodium salt 



NajCbP 



NC-1753 Hydroxy[(2S;4^)-4-hydroxy-2- 

pyrrolidinyllmethanebisphosphonic acid 
tetrasodium salt 



"9 H 




OH 
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NC- 1 754 2-Ajnino- 1 -hydroxyethane- 1,1- 

bisphosphonic acid, tetrasodium salt 



OH 

NH2CH20(PO3Na2)2 



NC- 1 755 1 ,2-Diaminoethane- 1 , 1 -bisphonponic acid, 

tetrasodium salt NHaCHjCCPpjNaj): 



NC-1756 4-Amino-l-hydroxybutane-l,l- 

bisphosphonic acid, tetrasodium salt 



OH 

I 



NH2CW2CH2CH20(P03Na2)2 



NC-1757 1 ,4-Diaminobutane-l ,1-bisphosphonic 
acid, 

tetrasodium salt 

NC-1758 5-Amino-l-hydroxypentane-l,l- 

bisphosphonic acid, tetrasodium salt 

NC- 1 759 1 ,5-Diaminopentane- 1 , 1 -bisphosphonic 
acid, 

tetrasodium salt 

NC- 1760 (5)-2- Amino- 1 -hydroxy propane- 1,1- 
bisphosphonic acid, tetrasodium salt 



NH2 

NH2CH2CH2CH20(PO3Na2)2 



OH 
I 



NH2CH2CH2CH2CH2C3(PQjNa2)2 



NH, 



NH2CH2CH2CH2CH2C(P03Ni2)2 



NH2 

X^P03Na2 
OH 



NC-1761 (5)-2-Amino-l-hydroxybutane-l,l- 
bisphosphonic acid, tetrasodium salt 



NH2 
OH 



NC-1762 (5)-2-Amino-l-hydroxy-3-methylbutane- 
1,1 -bisphosphonic acid, tetrasodium salt 



NH2 

I OH 



SUBSTITUTE SHEET (RULE 26) 



wo 99/59571 



PCT/1B99/00968 



54 



NC- 1 763 (5)-2- Amino- 1 -hydroxy-3-phenylpropane- 
1,1-bisphosphonic acid, tetrasodium salt 




NC- 1 764 (iS)-2- Amino- 1 ,3-dihydroxypropane- 1,1- 
bisphosphonic acid, tetrasodium salt 



NH2 



HO, 



OH 



.POjNaj 
-POaNaj 



NC- 1 765 (S)-2,3-Diamino- 1 -hydroxypropane- 1,1- 
bisphosphonic acid, tetrasodium salt 



H5K 



NH2 



OH 



^POjNa^ 
■P03Na2 



NC-1766 (£iO-3-Amino-l -hydroxy-3- 

phenylpropane- 1 , 1 -bisphosphonic acid, 
tetrasodium salt 



6" 



NC-1767 (5)-3-Amino-2-(4-chlorophenyI)-l- 

hydroxypropane-1 , 1-bisphosphonic acid, 
tetrasodium salt 



a 




OH 



NC-1 768 (5)-2-Ainino-3-(4-aminophenyI)-l - 

hydroxypropane-1, 1-bisphosphonic acid, 
tetrasodium salt 



NHj 

•PpjNaa 
OH 
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Phosphonocarboxylate Derivatives 



Code Name 



Structure 



NC-769 Phosphonoacetic acid (fosfonet) 



O P 



OH 



NC-770 Phosphonoformic acid, trisodium salt 



NaO. 



ONa 
ONa 



NC-790 Diethylphosphonoacetic acid 



O Q 




OCH2CH3 



NC-829 2-Carboxyethylphosphonic acid 



HO2OCH2CH2PO3H2 



NC-832 (J/).2-Ainino-3-phosphonopropanoic 
acid 



NH2 

HQ2OCHCH2PP3H2 



NC-834 (ifl).2-Amino-5-phosphonopentanoic acid 

NC-837 Phosphonoacetic acid (See NC-769) HCbOCHjPpjHj 



NC-849 (S)-2-Amino-2-methyl-4- 
phosphonobutanoic acid 



HjK'" CHj 
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NC-850 D-(-)-2-Amino-4-phosphonobutanoic acid 002H 

H">JL 



H2N'^^^^PO(OH)2 



NC-851 L-(+)-2-Ainino-4-phosphonobutanoic ocVjH 



acid 



NC-852 D-(-)-2-Aniino-7-phosphonoheptanoic 0O2H 



acid 



NC-853 L-(+)-2-Ainino-7-phosphonohcptanoic cOjH 



acid 



HjN^J ^^>^P0(0H)2 



NC-854 D-(-)-2-Ainino-6-phosphonohexanoic 0P2H 

acid li^^ '^^^POCOH)! 

NC-855 L-(+)-2-Amino-6-phosphonohexanoic 0P2H 

acid "^^^^'^--'-'''^'^-''^POCOIfh 



NC-856 D-(-V2-Ainino-4-phosphonopentanoic opiH 



acid 



NC-857 L-(+)-2-Ainino-4-phosphonopentanoic opzH 

acid "2l!>L.^v^PO(OH)2 



NC-858 D-(-)-2-Ainino-3-phosphonopropanoic qQjH 

acid H^^p^-k/KXOHh 

NC-859 L-(+)-2-Amino-3-phosphonopropanoic qqj^ 

acid H2H;;J^PO(OH)2 
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NC-876 (/?)-(.)-3-(2-Carboxypiperazin-4-yI)- 
propyl-l-phosphonic acid (D-CPP) 



CH2CH2CH2PO3H2 



I 

H 



OOjH 



NC-879 L-4-[Difluoro(phosphono)methyl)]- 
phenylalanine 




NC-890 (ii,£)-4-(3-Phosphonoprop-2- CH2CH=CHP03H2 
enyl)piperazine-2-carboxylicacid n ^ 

^N"^C02H 
H 



NC-1519 fra/ir-L-4-Phosphonomethylproline, NaOjC 
trisodium salt 




CH2P(OXONa)2 



NC-l 520 cw-L-4-Phosphonomethy Iproline, 
trisodium salt 



NC-157 1 //.//-Diethylphosphonoacetamide, 
disodiiun salt 



NC- 1584 AT-Cyclohexylphosphonoacetamide, 
disodiutn salt 
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NC- 1 587 Phosphonoacetic hydrazide, disodium 
salt 



NHaNH 



O O 



Otto 



ONa 



NC-1 588 A/-Hydroxyphosphonoacetamide, 
disodium salt 



HONH 



O O 



ONa 



ONa 



NC- 1591 A^-Piiosphonoacetyl-L-alanine, trisodium 
salt 



O O OOONa 



NaO 



NC-1 593 //-Phosphonoacetyl-L-glycine, trisodium 
salt 



NaO 



O O 



NaO 



NHOTjCOONa 



NC- 1 595 //-(Phosphonoacty i)-L-asparagine-L- 
glycine, tetrasodium salt 



O O CH2CX)NH2 



NaO 




NHCHjODiNa 



NC-1769 //-Phosphonomethylglycine 



HO)2PCH2NHCH2000H 



NC-1770 //-Phosphonomethylglycine, trisodium o 

salt (NaOfePCHsNHCHaOOONa 



NC-1771 2-Phosphonomethylglutaric acid, 
tetrasodium salt 



O C02Na 



NaO-P> 
ONa 



•OOjNa 
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NC- 1 772 2-Phosphonomethy Isuccinic acid, 
tetrasodium salt 



O COjNa 
ONa 



NC-1 773 (2J?.4S)-4-Phosphonomethylpipecolinic 
acid, trisodium salt 



O 

.P(ONa)2 



6.... 



OOjNa 
H 



NC-1774 (2i?.4S)-4-Phosphonomethyl- 
pipecolinamide, disodiuni salt 



O 

-P(ONa)2 



a... 



I II 
H O 



NC-178 1 /sT-Phosphonomethylglycine 
(Aldrich,seeNC-1769) 



O 
II 



( 



HO)2PCH2NHCH2CXX)H 



NC- 1 782 A^-Phosphonomethylglycine, trisodiuni 
salt 

(see NCI 770. prepared from NC 1781) 



(NaObPCHjNHCHjCOONa 



NC-1786 3-[2-(3-Niethoxycarbonyl- 1,2,3,4- 
tetrahydroisoquinolinyl)]- 
. propylphosphonic acid disodium salt 



CX>2Me 
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Ph^nonate derivative 



Code 


Name 


Structure 


NC-796 


3 [2-(l 2 3 4-Tetrahydroisoquinolinyl)]-l- 
prop'anephisphonic acid, disodium salt 




NC-825 


Propylphosphonic acid 


CH3CH2CH2PP3H2 


KC-826 


Ethyiphosphonic acid 




NC-827 


Methylphosphonic acid 


CH3PO3H2 


NC-828 


rerr-Butylphosphonic acid 


{CH3)3CP03H2 


NC-830 


Phenylphosphomc acid 


^^jy-P03H2 


NC-831 


3-Aminopropylphosphonic acid 


NH2CH2CH2CH2PO3H2 


NC-833 


(1-Aminopropyl)phosphonic acid 


NH2 

CH3CH2CH-PO3H2 


NC-836 


Diethyl phosphoramidatc 


0 

H2N-P-(OCH2CH3)2 



NC-860 3-Aimnopropyl(mctfayl)phospiunic acid, 
hydrochloride 



H2> 



O 

'P-OH • HCl 
I 

Me 



NC-1563 4-Amino-l-butylphosphonic acid, 
disodium salt 



O 
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NC-1565 l.(3-Phosphonopropyl)-benzimida2ole, o 

disodium salt CHjCHjCHzPCONa)! 

ex.} 

NC-1568 3-Dimethylamino-l-propylphosphonic o 

acid, disodium salt Me2NCH2CH2CH2p(ONa)2 

NC-1573 Diphenylamine-4-phosphonicacid, ^— ^ O 

disodium salt ^^^^NH-^^J^P(ONa)j 

NC-1667 3-Amino-butyIphosphonic acid, ^^y-^^^'^z 
disodium salt 

NC-1668 3-Amino-peiitylphosphonic acid, ^y^^^^-^^^^i^^i 
disodium salt 

NC-1669 3-Amino-hexylphosphonic acid, >v.^^..-v..^.---^P03Na2 
disodium salt 

NC-1670 3-Amino-heptylphosphoiiic acid, ^,.-v^^x->>,^'^v^P03Na2 
disoditim salt 

NC-1671 3-Amino-octylphopbonic acid, >v..,,,^\x'v,Y''\xP03Na2 
disodium salt 

NC-1672 3-Amino-4-methyl-pentylphosphonicacid. j, ^ 

disodium salt ^^'v^^^^^'^ 2 



SUBSTITUTE SHEET (RULE 26) 



wo 99/59571 



PCT/1B99/00968 



62 



NC-1 673 3-Amino-3-methyI-butylphosphonic acid, 
disodium salt 



PpjNaj 



NH2 



NC- 1 674 3-Ainino-3-phenyl-propylphosphonic 
acid, 

disodium salt 




NH2 



NC-1 675 3-Amino-4-phenyI-butylphosphonic acid, 
disodium salt 




POjNaa 



NC-1 676 3-Amino-4-phenyl-pentylphosphonic acid, 
disodium salt 




pp3Na2 



NC-1677 3-Amino-3-phenyl-butylphosphonic acid, 
disodium sedt 




POsNas 



NC-1678 2-Amino-2-(2-phosphonoethyl)- 1,3,4- 
trihydronaphthalcne, disodium salt 



NH2 

00^ 



POjNaa 



NC-1 679 1 -Amino-l-(2-phosphonoethyl)- 
cyclohexane, disodium salt 



NH2 




P03Na2 



NC-1680 2-(2-Amino-4- 

phosphonobutoxy)tetrahydropyran 



a 



or ^or 



NH2 
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NC- 1 68 1 3-Aniino-4-hyciroxy-butylphosphoiuc 
acid, 

disodium salt 



HO" 



.POjNa^ 



NH2 



NC- 1 70 1 3-Phosphonopropanesulfonic acid, 
trisodium salt 



o 

(NaO)2Pv 



^SOjNa 



NC- 1 704 Diethyl 2-pyiTolidinylphosphonate 



^Y^P(OC2H5)2 
H O 



NC-1 705 2-Pyrrolidinylphosphonic acid, disodium 
salt 



.. ■P(0Na)2 
H O 



NC-1706 1 ,1 -Dioxo-2-(3-phosphonopropyl)- 
isothiazoline, disodium salt 



(^N" ^ "P(ONa)2 
O o 



NC- 1 708 2-Deoxy-2-phosphonoacetylamino-D- 
glucose 



HO— 1 



/oh Voh 



NHOOCH2p(ONa)2 



NC-1713 3-Hydroxy-3-(2-pyridyl)propeiiyl-2- 
phosphonic acid, disodium salt 




OH 



P(ONa)2 
O 
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NC- 1714 3-Hydroxy-3-(3-pyridyl)propenyl-2 
phosphonic acid, disodium salt 



NC-1 7 1 5 3-Hydroxy-3-(4-pyridyl)propenyl-: 
phosphonic acid, disodium salt 



NC- 1716 3-Amino-3-(2-pyridyl)propenyl-2- 
phosphonic acid, disodium salt 




NC-1 7 17 3-Amino-3-(3-pyridyl)propenyl-2 
phosphonic acid, disodium salt 



NC-1 7 1 8 3-Amino-3-{4-pyridyl)propenyl-2 
phosphonic acid, disodium salt 
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NC- 1719 1 ,4-Diamino- 1 -(3-pyridyl)butyl-2- 
phosphonic acid, disodium salt 



NHj 



NC-1720 l,4-Diaiiuno-4-methyl-l-(3- 

pyridyl)pentyl-2-phosphonic acid, 

disodium salt 



NH2 



NC-1721 l,4-Diamino-4-methyl-l-{2- 

pyridyl)pentyl-2-phosphonic acid, 

disodiiun salt 




NH2 



NH2 



NC-1722 l,4-Diamino-4-methyl-l-(4- 

pyridyl)pentyl-2-phosphonic acid, 
disodium salt 



MH2 



NC-1728 3-(2-Amino-4,5,7,8-tetrahydro-6//- 
thiazolo[4,5-dlazepin-6-yl)propyl- 
phosphonic acid, disodium salt 



H2N-<x 



CO 



o 

.P(0Na)2 



NC-1784 3-[6-Methoxy-2-(l ,2,3,4-tetrahydro- 
isoquinolinyI)]propyiphosphonic acid, 

disodium salt 



,Pp,>fa2 
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NC-1 785 3-[8-Methoxy-2-( 1,2,3 ,4-tetrahydro- 
isoquinolinyI)]propylphosphonicacid, 
disodium salt 

NC-1 787 2-(3-Phosphonopropyl)-l ,2,3,4- 

tetrahydro-9//-pyrido[3,4-6]indoIe, 
disodium salt 
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Phosphono Carbohydrates 



Code Name 



Structure 



NC- 1 708 2-Deoxy-2-phosphonoacet>^lainmo-D- 
glucose 



NHCXX34jP(ONa)2 



NC-1 709 2-Deoxy-2-thiophosphonoacet>'lainjno-D- 
glucose 



/oh N^oh 

NHCOCH2P{ONa)2 



NC- 1 793 (J-D-Glucopyranosylmethylphosphonic 
acid, disodium salt 



,OH ^ 

HOrS^::^CHjP{ONa)j 
HO 



NC- 1 794 a-D-Glucopyranosy imethy Iphosphonic 
acid, disodium salt 



CHjPCONah 



NC-1 795 6-Deoxy-6-C-phosphonomethyl-D- 
giucono- 5-lactone, disodium sal t 



HO 

Hr 




O 

CHzKONa), 



HO ^O 
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NC-1 796 6-Deoxy-6-C-phosphonomethyl-D- 
glucose, disodium salt 



NC-1 797 4-Deoxy-4-C-phosphonomethyl-D- 
glucose, disodium salt 



NC- 1798 3 -Deoxy-3 -C-phosphonomethyl-D- 
glucose, disodium salt 



NC- 1 799 1 -Deoxy-N-phosphonoacetylnojirimycin, 
disodium salt 




NC-1801 (l,5-Dideoxy-l,5-imino-a-D- 

glucopyranosyi)methyiphosphonic acid, 

(tisodium salt 



NC-1802 l,6-Dideoxy-6-C-phosphonomethyl- 
nojirimycin, disodium salt 



HO CH2p(ONa)2 



O 

CH2P(ONa)2 




HO 
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Thiophosphonate Derivatives 

Structure 



Code Name 
NC-1521 Thiophosphonoformic acid, trisodium salt 



NaO^ ^P— ONa 
ONa 



NC-1522 Thiophosphonoacetic acid 



NC-1 523 Thiophosphonoacetic acid, trisodium salt 



NC-1 524 Thiophosphonoacetic acid, triethyl ester 



O S 

OH 



O S 
Jl^P-ONa 
^ONa 



o s 

oa 



NC-1525 Chloro(thiophosphoao)acetic acid, O S 

trisodium salt ^X^^^^r-<^ 



T ^ONa 

a 



NC-1526 Dichloro(thiophosphono)aceticacid, O S 

trisodium salt ]L — ONa 



a a 
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NC- 1527 Thiophosphonomethy Ithiophosphdiiic 
acid, tetrasodium salt 



s 

11 

NaO 



S 
II 

,P — ONa 
ONa 



NC- 1 528 Phenylthiophosphinomethy Ithio- 
phosphonic acid, trisodium salt 



S 
II 

Ph-^/ 
NaO 



S 
II 

,P — ONa 
ONa 



NC-1529 3-[2-(l,2,3,4-TetrahydroisoquinolinyI)]-l- 
propanethiophosphonic acid, disodixom 
salt 

NC-1530 Propylthiophosphonic acid 



CO- 



CHsCHjCHaPCblt 



.P(ONa)2 



NC-1 53 1 Ethylthiophosphonic acid 



CH3CH2PO2H2 



NC-1 532 Methylthiophosphonic acid 



s 

CH3PO2H2 



NC-1 533 /crr-Butylthiophosphonic acid 



S 
II 



(CH3)3CP02H2 



NC-1 534 2-Carboxyethyltiuophosphonic acid 



HO2CCH2CH2PP2H2 



NC-1 536 Phenylthiophosphoiuc acid 



P02H2 



NC-1 537 3-Aininopropylthiophosphomc acid 



NH2CH2atCH2P(OH)2 



NC-1 53 8 f </A.2-Amino-3-thiophosphonopropionic 

acid HOficacajHOHh 



NC-1 539 (1-Aminopropyl)tluophosphonic acid 



NH2 S 

I •* II 



CH3CH2CH-P(OH)2 
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NC-1540 (<fO-2-Amiiio-5-Aiophc5sphonopentanoic . s 

acid HpjOCHCajCHjCHjPCOHlj 



NC-1541 0S}-2-Amino-2*niethyl-4- S 

thiophosphonobutanoic acid HOiCv.^.^v^P(OT>i 

NC-I542 o-2-Aixuno-4-thiophosphonobutanoicadd cXDiH _ 



NC-1543 L-2-Ainino-4-tiiiophosphonobutanoicacid qo^H 



NC-1544 D-2-Aiiim<>-7-tfaxq?hosphonob^tajBoic rp^H ^ 

tad ,,5;j'^^^^^^'"^^'^OH>2 



«i1 




NC-1545 L-2-Amino-7-&ioidiosphonoIifiptanoic 
add 



NG-1546 D-2-Amino-6-fliiopho5plioiiohexanoicacid oc>,H g 



'P(0H)2 

NC-1547 L-2-AnunD-6-tiii(^hosphonohexaiioica«Ld cDjH ^ 

KC-1548 i>2-Amiiio-4-1faiophosplionopeQtBnoic C02^ f 

add u^''^^^--'^^^ 

NC-1549 L-2-Anuno-4-<iiiophosphonopen.tanoic oOiH S 

wad ^^i^^kl^^ss^tofti 

NC-1550 D.2-Ainino-3-thiophosphonopropioiuc op^n s 

add i^p^-^^^-^^ 
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NC-1 55 1 L-2-Amino-3-thiophosphonopropionic 
acid 



H2N.;;X^P(OH)2 

H 



NC-l 552 3-Aminopropyl(methyl)thiophosphinic 
acid, hydrochloride 



p-OH-HCl 
Me 



NC-1 5 5 3 (/?)-3-(2-Carboxypiperazin-4-yl)-propyl- 
1 -thiophosphonic acid 



s 

II 



CH2CH2CH2P(OH)2 

o 

H 



NC- 1554 L-4-[Difluoro(thiophosphono)methy 1)]- 
phenylalanine 



HO 




s 
II 



v\ // 



-CF2P(OH)2 



NC- 1555 (if,£)-4-(3-Thiophosphonoprop-2- 
cnyi)piperazine-2-carboxylic acid 



CH2CH=CHP(OH)2 
I 

o 

H 



NC-1 556 rra/i5-L-4-Thiophosphonomethylproline, 
trisodium salt 



Na02< 




NC-l 557 ciJ-L-4-Thiophosphonomethylproline, NaOjC ^ ^ 

trisodium salt \^ctihmi 



NC-1 564 4-Amino-l-butylthiophosphomcacid, 

disodium salt H-,ir'"^^'^^^^^ 



S 
It 
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NC-1 566 1 ^3-TniophosphonopropyI)- 
benzimidazoie, disodium salt 



•CHjCHiCHjPCONa)^ 



NC- 1569 3 -Dimethylamino- 1 -propy ithiophosphonic 
acid, disodiiixn salt 



S 

fi 



Mc2NCH2CH2CH2PCONa)2 



NC- 1 572 yV:A -Dieihylthiophosphonoaceiamide, 
disodium salt 



s 
II 

ONa 



NC-157-i Diphenylamine-4-thiophosphonicacid. S 

disodium salt / \__Nh— ^ PfONa), 



NC- 1 575 Selcnophosphonofoimic acid, trisodium 
salt 



Se 
II 

NaO^ ^P;--ONa 
ONa 



Y 



NC-1 576 Selenophosphonoacetic acid, trisodium 
salt 



O Se 
II 

,P — ONa 
NaO^ ^ \ 

ONa 



NC- 1 577 D-2-Amino-3-selenophosphonopropanoic 
acid 



OpjH Se 



NC-1 578 L-2-Amino-3-selenophosphoaopropanoic 
add 



NC- 1 579 D-2- Amino-4-selenophosphonobutanoic 
acid 



OpiH 



Se 



NC-1 580 L-2-Araino-4-selenophosphonobutanoic qQjH ^ 

acid >*>^ ^-v^" 
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NC- 1585 7/-Cy clohexyithiophosphonoacetamide, 
disodium salt 



^ — ' H 



O i 
J- ONa 



NC- 1586 MCyclohexylselenophosphonoacetamide, 
disodium salt 



o- 



O Se 

\ ONa 
H 



NC-1 589 iV-Hydroxythiophosphonoacetamide, 
disodium ssdt 



HONH' 



S 
II 

P— ONa 
ONa 



NC- 1 590 Thiophosphonoacctic hydrazide, disodium 



salt 



NH2NH" 



° 1! 

,P — ONa 
ONa 



NC- 1 592 A7-Thiophosphonoacetyl-L-alanine, 
trisodium salt 



COONa 



NaO — ^.P 
NaO 



NC-1 594 iV:.Thiophosphonoacetyl-L-glycme, 
trisodium salt 



NaO— 
NaO 



S u 



NHCHjCXONa 



NC-1 596 //-(ThiophosphonoactylH-asparagine-L- 
glycine, tetrasodium salt 



CHjOONHj 



NaO H 



NC-1 599 (s)-2-PyrrolidinemethyIthiophosphonic 
acid, disodium salt 



H 

a- 



P(ONa)2 
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NC-1707 1 i-Dioxo-2-(3-thiophosphonopropyl> r^N<"^^P(0Na)2 
isothiazolidine, disodium salt ^s,^ S 



O 



NC-1709 2-Deoxy-2-thiophosphonoacetylamino-D- HO-| ^ 

glucose \^oH 



HCr — I 



s 



NHOOCH2P(ONa)2 



NC-1729 3-(2-Amino-4,5,7,8-tetrahydro-6H- 
thiazolo[4,5-<i3azepin-6-yl)propyl- 
thiophosphonic acid, disodium salt 
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What is claimed is: 

1 . A method of inhibiting Ap-induced neuronal cell death, comprising 
contacting a neuronal cell with an ANnterferer, such that neuronal cell death is 

5 inhibited. 

2. The method of claim 1 , wherein said Ap-interferer interferes with the 
ability of the Ap peptide to form amyloid fibrils. 

10 3. The method of claim 1, wherein said A|i-interferer interferes with the 

ability of the AP peptide to bind to a cell surface molecule. 

4. The method of claim 3, wherein said cell surface molecule is a 
neurotrophic receptor. 

5. The method of claim 4, wherein said neurotrophic receptor is the 
apopiosis-related p75 receptor. 

6. The method of claim 3, wherein said cell surface molecule is a 
20 glycosaminoglycan. 

7. The method of claim 3. wherein said AP peptide is in soluble form. 

8. The method of claim 3, wherein said AP peptide is in a fibril form. 

25 

The method of claim 1 wherein the Ap-interferer has the following 



9. 

structure: 



Q__[_Y-X+]n 
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10. The method of claim 1 . wherein said AB-imerferer is selected from the 
group consisting of ethanesulfonic acid. L2-ethanedisulfonic acid. 1 -propanesulfonic 
acid. 1.3-propanedisuIfonic acid. L4-butanedisulfonic acid. 1.5-pentanedisulfonic acid. 
2-aminoethanesulfonic acid. 4-hydroxybuiane-l -sulfonic acid, and pharmaceutically 

5 acceptable salts thereof. 

1 1 . The method of claim 1 . wherein said A(J-intenerer is selected from the 
group consisting of 1 -butanesulfonic acid. 1 -decanesulfonic acid. 2-propanesulfonic 
acid. 3-pentanesulfonic acid. 4-heptanesulfonic acid, and pharmaceutically acceptable 

10 salts thereof. 

1 2. The method of claim 1 , wherein said AP-intenerer is 1 .7-dihydroxy-4- 
heptanesulfonic acid, or a pharmaceutically acceptable salt thereof. 

15 13. The method of claim 1 , wherein said AP-intenerer is 3-amino- 1 - 

propanesulfonic acid, or a salt thereof. 
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,4. The method of claim 1 , wherein said AP-interferer has the following 



structure: 



RlX 

Z 



X 

.P— (CYiY2)nC(X)XR3 



10 



in which 

ZisXR2orR4; 

Rl and R2 are each independently hydrogen, a substituted or unsubstimted 
aliphatic group, an aryl group, a heterocyclic group, or a salt-forming cation; 
R3 is hydrogen, lower alkyl, aryl. or a salt-forming cation; 
R4 is hydrogen, lower alkyl, aryl or amino; 
X is, independently for each occurrence, O or S; 

Yl and Y2 are each independently hydrogen, halogen, alkyl, amino, hydroxy. 

alkoxy, or aryloxy; and 
15 n is an integer firom 0 to 12. 

15. A method of providing neuroprotection to a subject, comprising 
admimstering an Ap-interferer to said subject, such that neuroprotection is provided. 

20 16. nie method of claim 15, wherein said AP-interferer interferes with the 

ability of the AP peptide to bind to a cell surface molecule. 

17. The method of claim 16, wherein said cell surface molecule is a 
neurotrophic receptor. 

25 . 

18. The method of claim 17 wherein said neurotrophic receptor is the 

apoptosis-related p75 receptor. 
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19. The method of claim 1 6. wherein said cell surface molecuie is a 
glycosaminoglycan. 

20. Tne method of claim 1 6. wherein said AP peptide is in soluble fomi. 

5 

21 . The method of claim 1 6. wherein said AP peptide is in a fibril form. 

22. Tne method of claim 1 5 wherein the Ap-interferer has the following 
structure: 

10 Q— I— Y-X^]n 

23. The method of claim 15. wherein said Ap-imerferer is selected from the 
group consisting of ethanesulfonic acid, K2-ethanedisuifonic acid« 1-propanesulfonic 
acid, 1 .3-propanedisulfonic acid, 1 ,4-butanedisulfonic acid, 1,5-pentanedisulfonic acid, 

15 2-aminoeihanesulfonic acid, 4-hydroxybutane-l -sulfonic acid, and phaimaceutically 
acceptable salts thereof. 

24. The method of claim 1 5, wherein said AP-inierferer is selected from the 
group consisting of 1-butanesulfonic acid. I-decanesuifonic acid. 2-propanesulfonic 

20 acid. 3-pentanesulfonic acid, 4-heptanesulfonic acid, and pharmaceutically acceptable 
salts thereof 

25. The method of claim 1 5, wherein said AP-interferer is 1 .7-dihydroxy-4- 
hq^tanesulfonic acid, or a pharmaceutically acceptable salt thereof. 

25 

26. The method of claim 1 5, wherein said AP-interferer is 3-amino-l - 
propanesulfonic acid, or a salt thereof. 
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27. The 
structure: 



method of claim 15, wherein said AP-interferer has the following 



X 

^P— (CYlY2)nCpC)XR3 
R.X-1 



S 

in which 

ZisXR2orR4; 

Ri and R2 are each independently hydrogen, a substituted or unsubstituted 
aliphatic group, an aryl group, a heterocyclic group, or a salt-forming cation; 
10 R5 is hydrogen, lower alkyl, aryl, or a salt-forniing cation; 

r4 is hydrogen, lower alkyl, aryl or amino; 
X is, independently for each occurrence, O or S; 

Yi and Y2 are each independently hydrogen, halogen, alkyl, amino, hydroxy, 

alkoxy, or aryloxy; and 
15 n is an integer from 0 to 12. 

28. The method of claim 15. wherein said AP-interferer is administered in a 
pharmaceuticaily acceptable formulation. 

20 29. The method of claim 28, wherein said pharmaceuticaily acceptable 

foraiulation is a dispersion system. 

30. -Die method of claim 29. wherein said pharmaceuticaily acceptable 
formulation comprises a lipid-based formulation. 

31. The method of claim 30. wherein said pharmaceuticaily acceptable 
formulation comprises a liposome formulation. 
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32, The method of ciaim 3 1 . wherein said pharmaceutical ly acceptable 
formulation comprises a multivesicular liposome formulation. 

33. The method of claim 29. wherein said pharmaceutically acceptable 
5 formulation comprises a polymeric matrix. 



34. The method of ciaim 33. wherein said polymenc matrix is selected from 
the group consisting of naturally derived polymers, such as albumin, alginate, cellulose 
derivatives, collagen, fibrin, gelatin, and polysaccharides. 

10 

35. The method of claim 33. wherein said polymeric matrix is selected from 
the group consisting of synthetic polymers such as polyesters fPLA. PLGA), 
polyethylene glycol, poloxomers, polyanhydrides. and pluronics. 

15 36. The method of claim 33, wherein said polymeric matrix is in the form of 

microspheres. 

37. The method of claim 28, wherein the pharmaceutically acceptable 
formulation provides sustained delivery of said A(i-intcrferer to a subject. 

20 

38. A method of treating a disease state characterized by A{J-induced 
neuronal cell death in a subject, comprising administering an AP-intcrferer to said 
subject, such that said disease state characterized by AfS-induced neuronal cell death is 
treated. 
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39. A method of inhibiting p75 receptor-mediated neuronal cell aeam. 
comprising contacting a neuronal cell with a p75 rcceptor-inierferer having the structure: 



5 

wherein Y" is an anionic group at physiological pH; Q is a carrier group: X"^ is a cationic 
group: and n is an integer selected such that the biodisiribuiion of the p75 receptor- 
intenerer for an intended target site is not prevented while maintaining activity of the 
p75 receptor-interferer, provided that the p75 receptor-interferer is not chondroitin 
10 sulfate A. such that neuronal cell death is inhibited. 



40. A method of providing neuroprotection to a subject, comprising 
administering to said subject a p75 receptor-interferer having the structure: 

15 Q-{— Y-X+]„ 

Dv^erein Y" is an anionic group at physioiogical pH; Q is a carrier group; X* is a cationic 
group; and n is an integer selected such that the biodistribution of the p75 receptor- 
interferer for an intended tai^et site is not prevented while maintaining activity of thep75 
receptor-interferer, provided that the p75 receptor-interferer is not chondroitin sulfate A, 

20 such that netiroprotection is provided. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/59571 PCT/IB99/00968 

-83- 

41. A method of treating a disease state in a subject charactenzed by p75 
receptor-mediated neuronal cell death, comprising administering to said subject a p75 
receptor-interferer having the structure: 

Q— [— Y-X+]n 



wherein V is an anionic group at physiological pH; Q is a carrier group; X"^ is a cationic 
group; and n is an integer selected such that the biodistribution of the p75 receptor- 
interferer for an intended target site is not prevented while maintaining activity of the 
10 p75 receptor-interferer, provided that the p75 receptor-interferer is not chondroitin 
sulfate A, such that said disease state characterized by p75 receptor mediated neuronal 
cell death is treated. 

42. A method of inhibiting p75 receptor-mediated neuronal cell death, 
15 comprising contacting a neuronal cell with a p75 receptor-interferer having the structure: 



/P— (CYlY2)nC(X)XR3 
Z 



in which 
20 ZisXR^orR'*; 

Rl and R2 are each independently hydrogen, a substituted or unsubstituted 
aliphatic group, an aryl group, a heterocyclic group, or a salt-fomiing canon; 
R3 is hydrogen, lower alkyl, aryl, or a salt-foiming cation; 
R4 is hydrogen, lower alkyl, aryl or amino; 
25 X is, independently for each occurrence, O or S; 

Yl and Y2 are each independently hydrogen, halogen, alkyl, amino, hydroxy, 

alkoxy, or aryloxy; and 

n is an integer from 0 to 12, such that neuronal cell death is inhibited. 
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43. A method of providing neuroprotection to a subject, comprising 
administering to said subject a p75 receptor-interferer having the structure: 



RlX" 



X 

.P— (CYlY2)nC(X)XR3 
Z 



in which 

Z is XR2 or R4; 

Rl and R2 are each independently hydrogen, a substituted or unsubstituted 
aliphatic group, an aryl group, a heterocyclic group, or a salt-forming cation; 
10 R3 is hydrogen, lower alkyl, aryl, or a salt-forming cation; 

r4 is hydrogen, lower alkyl, aryl or amino; 
X is. independently for each occurrence, O or S; 

Yl and Y2 are each independentiy hydrogen, halogen, alkyl, amino, hydroxy, 

alkoxy, or aryloxy; and 
15 n is an integer from 0 to 12, such that neuroprotection is provided. 
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44 A method of treating a disease state in a subject characterized by p75 
receptor-mediated neuronal cell death, comprising administering to said subject a p75 
receptor-interferer having the structure: 



^P— (CYiY2)nC(X)XR3 



in which 

ZisXR^orR^; 

Rl and R2 are each independently hydrogen, a substituted or unsubstituted 
10 aliphatic group, an aryl group, a heterocyclic group, or a salt-forming cation; 
R3 is hydrogen, lower alkyl, aiyl, or a salt-forming cation; 
R4 is hydrogen, lower alkyl, aryl or amino; 
X is, independently for each occurrence, O or S; 

Yi and Y2 are each independently hydrogen, halogen, alkyl, amino, hydroxy, 

15 alkoxy, or aryloxy; and 

n is an integer from 0 to 12. such that said disease state charactenzed by p75 

receptor mediated neuronal cell death is treated. 
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